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T HAS now been adequately docu- 

mented that the prevention of rheu- 
matie fever is predicated upon the 
identification of infection with the 
hemolytic streptococcus and eradica- 
tion of that organism by adequate 
therapy. From the standpoint of 
preventive medicine, therefore, the 
challenge to the physician is to iden- 
tify and treat adequately all hemolytic 
streptococcal infections. That such 
identification is subject to a consider- 
able margin of error when based upon 
elinieal manifestations alone has been 
demonstrated whenever more critical 
evidence. such as subsequent elevation 
of antistreptolysin O titer, has been 
added to clinical observations. This 
was evident in studies of outbreaks of 
hemolytie streptococcal infection in 
military installations, carried out un- 
der the auspicies of the Armed Forces 
Epidemiologic Board during and after 
World War II. These studies resulted 
in the recognition of an entity desig- 
nated as ‘‘nonstreptococcal exudative 
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pharyngitis’’* which is difficult to dis- 
tinguish clinically from streptococcal 
pharyngitis. It was also demonstrated 
that many patients. with respiratory 
illness failed to develop antibodies 
against the hemolytic streptococcus, 
even when the latter organism was 
found in the oropharynx, indicating 
that the mere finding of such organ- 
isms does not establish an etiological 
relationship to the illness.~* Under 
such cireumstances the individual is 
a carrier of the organism. 

A further challenge to the phy- 
sician, beyond that of identifying 
hemolytic streptococeal infection on 
the basis of clinical observations and 
bacteriologie findings, is the observa- 
tion that rheumatie fever may follow 
latent as well as manifest streptococcal 
illness. The initiating streptococcal 
illness causing a recrudescence of 
rheumatie fever may be inapparent or 
fail to show sufficient clinical symp- 
toms to justify medical care in 40 to 
50 per cent of such episodes.**° The 
role of subelinical infections, or in- 
fections so mild that therapy is not 


546 


considered necessary, in provoking an 
immunologic response identical to that 
of overt streptococcal disease deserves 
further study, in view of its implica- 
tions with reference to the prevention 
of rheumatic fever.2*** <A practical 
approach to the detection and man- 
agement of such infections in individ- 
uals who have not yet experienced an 
episode of rheumatie fever has not 
yet been devised, although the effec- 
tiveness of prophylactic penicillin 
therapy in preventing further episodes 
after rheumatic disease has already 
been manifested has been definitely 
established.*»* Since the chemothera- 
peutic approach, even if applied ef- 
feetively to recognized cases of strep- 
tococeal illness, will prevent, at best, 
little more than half of the cases of 
rheumatic fever,’? consideration must 
be given to measures which can be 
effectively directed toward the re- 
mainder, who are candidates for rheu- 
matie fever to an equal degree. 

The present study was undertaken 
in the hope of eliciting information 
relative to this problem by studying 
the cireumstances under which sig- 
nificant rises in antistreptolysin O 
antibodies occurred in a group of 
healthy orphanage children observed 
for a period of one year, with con- 
sideration given to (a) the frequency 
of subclinical infection following the 
acquisition of hemolytic streptococci, 
(b) the role of antistreptolysin O de- 
terminations in detecting such eases, 
(ec) the effect of certain regimens of 
therapy of recognized streptococcal in- 
fections upon subsequent rises in anti- 
streptolysin O titer, and (d) related 
epidemiologic observations. 

For the purpose of this study, 


weekly throat cultures and monthly 
antistreptolysin O determinations were 
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obtained over a period of one year 
upon a group of forty-five children 
under 10 years of age residing in an 
orphanage. Prior to the initiation of 
this study, bacteriologie studies had 
not been employed in the management 
of respiratory infections occurring 
among these children, and therapy 
usually consisted of the administra- 
tion of sulfonamide drugs, penicillin, 
or broad spectrum antibioties, such as 
chlortetracycline or tetracycline hy- 
drochloride, in recommended dosage 
until forty-eight hours after tempera- 
ture had returned to normal. This 
usually represented from three to five 
days of therapy, and will be referred 
to in this diseussion as ‘‘limited spe- 
cifie therapy,’’ since it has been shown 
that therapy of such duration does not 
eradicate the hemolytic streptococcus.” 
Nonfebrile respiratory illness resem- 
bling the common cold was usually 
not treated with specific medication. 
Since similar regimens are widely used 
in private practice, they were con- 
tinued without modification during 
the course of this study, with the ex- 
ception of two instances, to be dis- 
cussed later, when prophylactic chemo- 
therapy was given to the younger age 
groups during an episode of unusual 
prevalence of respiratory illness, and 
during an epidemic of measles. Con- 
sideration will be given to the preva- 
lence of hemolytic streptococei ob- 
served chronologically in the total 
study group and in component age 
groups during the year of study, in 
relation to upper respiratory infec- 
tions and significant rises in anti- 
streptolysin O titer each month. Sub- 
sequently, a five-month period of high 
prevalence of Group A _ hemolytic 
streptococci will be analyzed to elicit 
differences between age groups with 
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reference to the consequences of ac- 
quiring hemolytic streptococcal infec- 
tion and the cireumstances under 
which significant rises in antistrep- 
tolysin O titer oceurred. 


STUDY GROUP AND METHODS 


The group under study consisted of 
forty-five white children, of which 
fifteen were in each of the following 
age groups: under 3 years, 3 to 6 
years, and 6 to 10 years. This group 
of forty-five children represented ap- 
proximately one-half of the children 
in these age groups residing in the 
orphanage, and consisted of those who 
were most likely to remain there for 
the one-year period of the study. Un- 
avoidably, a number of children in 
the original group left the orphanage 
during the period of the study, and 
had to be replaced by others in the 
same age group. At the conclusion of 
the year of study, two-thirds of the 
original group had been followed for 
the entire year of the study. This 
turnover in part of the group was not 
felt to be detrimental to the purposes 
of this study. 

Throat cultures were obtained week- 
ly,* swabbing the pharynx and ton- 
sillar areas with a moistened cotton 
swab which was placed in a test tube 
containing 1.0 ml. of physiologic 
saline. Within approximately one 
hour these were brought to the labora- 
tory and streaked on one side of a 
human blood agar plate, with further 
spread by means of a platinum loop 
so that isolated colonies could be 
identified and enumerated. Plates 
were incubated for eighteen hours at 


*During one week of September and one 
week of December cultures were not obtained, 
as indicated by the broken lines in Figs. 1, 
2, 3, and 4. Cultures were obtained during 
 P fifty remaining weeks of the year of 
study. 
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37° C. An effort was made to identify 
all organisms by colony characteristics, 
staining reactions, morphology, and 
further culture procedures. The num- 
ber of colonies was reported as 1+, 2+, 
3+, or 4+, on the basis of less than 25 
colonies, 25 to 100 colonies, 100 to 
200 colonies, or predominance with 
over 200 colonies, respectively. The 
method described by Swift and associ- 
ates** was employed for grouping and 
typing of hemolytic streptococci.* 
Antistreptolysin O determinations em- 
ployed standard streptolysin O rea- 
gent (Difco), using the method de- 
scribed by Rantz and Randall,’* which 
expresses the titer of antistreptolysin 
O units as follows: 12, 50, 100, 125, 
166, 333, 500, 625, 833, ete. In this 
study, a two-tube increase in titer was 
arbitrarily considered as significant. 

White blood cell counts, sedimenta- 
tion rates, and C-reactive protein de- 
terminations were frequently carried 
out, and will be referred to when 
pertinent to the discussion. Electro- 
eardiograms were made upon children 
showing consistently elevated anti- 
streptolysin O titers. 


PRESENTATION OF DATA 

Fig. 1 shows a graphic presentation 
of the extent of infection with the 
hemolytie streptococcus in the entire 
group of forty-five children during 
the one-year period of study, which 
was initiated in May, 1954. Also in- 
dicated is the median antistreptolysin 
O titer for the total group, at monthly 
intervals, as well as the number of 
children showing an increase of two 
dilutions or more in the titer of this 


*Antisera for grouping and typing were 
obtained from Dr. Elaine L. Updyke, Com- 
municable Disease Center, Chamblee, Georgia. 
From time to time cultures were submitted 
to Dr. Updyke and to Dr. Robert uinn, 
Vanderbilt School of Medicine, for confirma- 
tion of our results. 
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Fig. 1.—Per cent of total group infected with hemolytic streptococci and Group A hemolytic 
streptococci, by month, and in relation to median antistreptolysin O titer, and number of 
children showing significant increases in titer each month. 


PER CENT WITH HEMOLYTIC STREPTOCOCCUS INFECTION 


UNDER 3 YEARS 


/ 


TOTAL H.S. 
——GROUP A H.S. 


~ 
- 


MAY JUNE JULY AUG. SEPT OCT.” NOV. " DEC.” JAN. FEB. MAR. APRIL 


MEDIAN ANTISTREPTOLYSIN 
125{ TITER IN UNITS 


100 ‘ 

50) 
12) 

AS’ 5 3 ! 3 1 


* Number showing ontistreptolysin incceases of two dilutions or more. 


Fig. 2.—Same as Fig. 1, for children under 3 years of age. 
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test during each month of the study. 
It will be noted that during the first 
eight months of this period, from one- 
third to one-half of the total group 
were found to harbor hemolytic strep- 
tocoeci in their throats. The decline 
in the number of positive throat cul- 
tures obtained during the last four 
months of the study period reflects, in 
large measure, the effect of prophy- 
lactic antibiotic therapy in the two 
younger age groups, which will be 
referred to later. The significant 
separation of the graph lines repre- 
senting total hemolytic streptococcal 
infection and Group A _ hemolytic 
streptococcal infection during the first 
five months of the study reflects the 
high prevalence of non-Group A 
hemolytie streptococci during this 
period. The latter organisms were 
mainly Group C hemolytic strepto- 
cocci, which were highly prevalent in 
the age group under 3 years. From 
Figs. 2, 3, and 4, which present similar 
data for each of the three age groups 
under consideration, it is evident that 
there was a difference in the distribu- 
tion of total and Group A hemolytic 
streptococci in these three age groups. 
For purposes of clarity in presenta- 
tion, the subsequent discussion will 
consider these age groups separately. 

Under-3-Year Age Group.—From 
Fig. 2 it will be noted that during 
the first six months of the study, from 
one-half to three-fourths of the fifteen 
children in the age group under 3 
years harbored hemolytic streptococci. 
During the first three months of this 
period, which fell during the late 
spring and early summer, Group A 
organisms were found in only one 
child, thirteen children showed Group 
C hemolytie streptococci, and one 
child showed negative cultures consist- 
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ently. Nine children in this age 
group showed positive cultures for 
Group C hemolytic streptococci on five 
to ten occasions out of the twelve 
weekly examinations which were made 
during this three-month period, while 
the other four showed this organism 
less frequently. Six of the children 
harboring this organism showed no 
evidence of respiratory infection dur- 
ing the three-month period, while the 
remaining seven had occasional epi- 
sodes of mild respiratory infection. 
During this first three-month period, 
no child in this age group manifested 
a two-dilution rise in antistreptolysin 
O titer.* 

As previously mentioned, only one 
child in this age group showed Group 
A hemolytic streptococci during the 
first three months (May, June, and 
July) of the study. During the second 
week of August, two children showed 
Group A hemolytic streptococci for 
the first time, associated with a febrile 
upper respiratory illness. Limited 
specific therapy was given to these 
two children, and this was followed 
by a complete remission of symptoms. 
However, weekly throat cultures con- 
tinued to show the presence of Group 
A hemolytic streptococci without in- 
terruption, and during the next five 
weeks, ten additional children showed 
Group A hemolytic streptococci for 
the first time during the study period. 
In eight of these children, symptoms of 
upper respiratory illness occurred. 
Following this episode, nine of the 
twelve children showing Group A in- 
fection for the first time showed sig- 
nificant rises in antistreptolysin O 
titer, even though seven had received 


*The August antistreptolysin O determina- 
tion is included here, since it was obtained 
during the middle of that month and reflects 
strep infection occurring during July. 
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limited specific therapy sufficiently 
long to secure clinical remission of 
symptoms. The Group A organisms 
found in the above children could not 
be typed with our thirty-seven anti- 
sera. Failure to eradicate this organ- 
ism in the first two children infected 
by it was probably responsible for the 
infection of the other ten children. 
Fig. 2 shows the elevation of the 
median antistreptolysin O titer of this 
group following the introduction of 
Group A hemolytic streptococci. It 
will also be noted that twelve children 
developed significant rises in anti- 
streptolysin O titer during the five- 
month period between August and 
December. These rises in titer will be 
diseussed later, when the three age 
groups are compared. 

The sharp drop in hemolytic strep- 
toeoceal infections after December re- 
flects the influence of prophylactic 
antibiotie therapy. During the last 
two weeks of December, the living 
quarters of this group were evacuated 
for remodeling, and these children 
were moved into temporary quarters 
which necessitated close proximity of 
beds due to limited space. Within a 
week, every child in this age group 
was suffering from an upper respira- 
tory infection. Under these condi- 
tions, and in the face of the continued 
prevalence of Group A_ hemolytic 
streptococci in this age group (five 
children showed hemolytic streptococei 
in throat cultures during the middle 
of December) it was decided to ad- 
minister prophylactic penicillin. Ben- 
zathine penicillin G* (300,000 units) 
was first administered during the last 
week of December, and at two-week 
intervals thereafter for a total of three 


*Wyeth Laboratories. 


injections to each child under 3 years 
of age. 

During the first week of February, 
eases of measles, which had first ap- 
peared in the 6- to 10-year age group 
during January, began to make their 
appearance in the two younger age 
groups. Since a large number of the 
latter gave no history of having had 
this disease, and in view of the 
crowded conditions which favored 
easy transmission, it was decided to 
place all children in the two youngest 
age groups, that is, those under 6 
years of age, upon prophylactic ther- 
apy with a broad spectrum tetracyc- 
line antibiotie (Achromycin),* and to 
administer gamma globulin in modi- 
fication dosage to children between 
3 and 6 years of age (0.02 ee. per 
pound) and in prevention dosage to 
children under 3 years of age (0.1 c.c. 
per pound). These two products were 
administered during the second week 
of February. The tetracycline anti- 
biotic was discontinued after ten days 
(15 mg. per kilogram for five days 
followed by 8 mg. per kilogram for 
five days) due to the emergence in 
throat cultures of large numbers of 
coagulase-positive staphylococci, re- 
sistant to tetracycline hydrochloride, 
oxytetracycline, penicillin, and triple 
sulfonamides. All children under 3 
years developed measles at this time, 
but no complications were observed. 

From Fig. 2 it will be noted that 
Group A hemolytic streptococci dis- 
appeared from the age group under 
three years subsequent to the admin- 
istration of the first injection of 
benzathine penicillin G, and did not 
reappear in this group until three 
months later. However, during each 
week of January, during which this 


*Lederle Laboratories. 
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group was under the influence of 
benzathine penicillin G, one or two 
children showed Group C hemolytic 
streptococci each week, in spite of the 
facet that weekly sampling (upon five 
children) of penicillin blood levels 
showed that they ranged from 0.03 to 
0.125 unit per milliliter during this 
month. This included levels taken on 
the day before the biweekly adminis- 
tration of benzathine penicillin G. 
The administration of tetracycline 
hydrochloride to this group was begun 
two weeks after the last penicillin in- 
jection, and was followed by the dis- 
appearance of Group C organisms, 
which did not reappear during the 
remaining months of the study. This 
was in sharp contrast to the high 
prevalence of Group C organisms in 
this age group during the early part 
of the study year. It will also be 
noted that subsequent to the disap- 
pearance of Group A hemolytic strep- 
tocoeci in this group, under the in- 
fluence of benzathine penicillin G and 
the tetraeyeline antibiotic, the median 
antistreptolysin O titer for this group 
began to decline, with no significant 
increases occurring in any child dur- 
ing the three months subsequent to 
December. At the termination of the 
year of study, the median antistrep- 
tolysin O titer for the group had re- 
turned to the level noted at the be- 
ginning of the one-year study period. 
However, in spite of the freedom of 
this group from Group A _ hemolytic 
streptococci during the first three 
months of the calendar year, upper 
respiratory infections continued to af- 
feet a third or more of this group each 
week. During the third week of Janu- 


ary, penicillin blood levels obtained in 
a sample of five children showed the 
highest 


level reached during the 
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period of penicillin prophylaxis, yet 
all children in this age group had 
rhinitis and fever during this week. 
None of the common pathogenic bac- 
teria were found on throat cultures 
during this period, and it is reasonable 
to assume that these represented non- 
bacterial infections.* 

The 3-to-6-Year Age Group.—From 
Fig. 3 it will be observed that Group 
A hemolytic streptococci were more 
prevalent in this group than in the 
youngest age group during the first 
three months of the study. Apparent- 
ly the study was initiated during a 
period of downward trend from a 
previous high prevalence of Group A 
hemolytie streptococcal infection, as 
indicated by both the results of throat 
cultures and the decline in the median 
antistreptolysin O titer of this group. 
Every child except one in this group 
harbored hemolytie streptococci dur- 
ing this period. In nine of these chil- 
dren these were Group A, while in 
the remaining five children Group C 
organisms were found. One or the 
other of these organisms was found 
on more than one oceasion in each of 
these children, with two children show- 
ing positive cultures for Group C 
organisms weekly for ten weeks of the 
first three-month period, in the ab- 
sence of respiratory illness. In spite 
of this high prevalence of hemolytic 
streptococci, only five upper respira- 
tory illnesses, two of which required 
therapy, occurred in this group during 
this three-month period. 

During this first three-month period, 
three children in this age group 


*Complement fixation tests, employing APC 
antigen obtained from Dr. R. J. Huebner, 
National Microbiological Institute, were 
carried out upon sera from all members of 
the study group during May, the last month 
of the study. These tests were positive in 
all children under 3 years of age, and in 
all children in the two older age groups, ex- 
cept for one in each group. 
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showed significant antistreptolysin O 
increases. One of these occurred in a 
child who showed 3+ or 4+ cultures 
of Group C hemolytie streptococei 
every week during this three-month 
period, with no evidence of a respira- 
tory infection at any time. The two 
other significant rises in titer occurred 
in children who had aequired a type 
28 hemolytie streptococcus. One of 
these children had complained of a 
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ture. A pyoderma of the face and a 
pharyngitis were also present, from 
which the same organism was obtained. 
Limited therapy with penicillin was 
successful in eradicating the infection. 
During the weeks of the following 
month of August, eleven additional 
children in this age group showed the 
presence of Group A hemolytic strep- 
tococei for the first time during the 
study period. Symptoms of respira- 
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Fig. 3.—Same as Fig. 1, for children 3 to 6 years of age. 


slight sore throat, for which specific 
therapy was not given, whereas the 
other gave no history of a respiratory 
infection. 

In this age group, as in the youngest 
age group, Group A infections reached 
a low ebb during July, with only one 
child acquiring this organism during 
the latter part of that month. This 
child showed a purulent rhinitis, from 
which a type 28 hemolytic streptococ- 
cus was isolated in almost pure cul- 


tory illness associated with the ac- 
quisition of this organism will be dis- 
eussed later, when a comparison of 
the three age groups is made with 
reference to this and also to inereases 
in antistreptolysin O titer during this 
period. From Fig. 3 it will be noted 
that the median antistreptolysin O 
titer of this age group, as well as the 
number of children showing significant 
rises in titer, increased after Septem- 
ber, subsequent to the introduction of 
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Group A infections mentioned above. 
Following the administration of tetra- 
eycline hydrochloride in February 
during the measles epidemic men- 
tioned above, hemolytic streptococci 
were not encountered for five weeks 
in this group, and the median anti- 
streptolysin O titer of the group 
dropped to the lowest level observed 
during the study year (Fig. 3). Dur- 
ing the last two months of the study 
year, hemolytic streptococci again 
made their appearance, and three chil- 
dren who harbored Group A organ- 
isms developed significant increases in 
antistreptolysin O titer, although only 
one of them showed evidence of a 
respiratory infection. 

The 6-to-10-Year Age Group.—In 
this age group, every child except one 
showed hemolytic streptococci on at 
least one occasion during the first 
three-month period. These were Group 
A organisms, with the exception of 
those found in two children, who 
harbored hemolytic streptococci which 
could not be grouped with our anti- 
sera.* In spite of this high prevalence 
of Group A streptococci, only five 
children in this group manifested 
upper respiratory infections during 
this period, and their mildness is at- 
tested by the fact that specific therapy 
was given to only one child. Three 
children in this group had elevated 
antistreptolysin O titers at the outset 
of the study, two showing 250 units 
and one 500 units, probably represent- 
ing the aftermath of infections ac- 
quired prior to the beginning of this 
study. No child in this group showed 
an increase in titer during the early 
months of the study, suggesting, as in 


*Antisera for Groups A, B 


, C, D, and G 
only were employed, and it is possible that 
these organisms belonged to other groups. 
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the case of the 3-to-6-year age group, 
that the high prevalence of hemolytic 
streptococci represented a convalescent 
carrier state, following a period of 
prevalent infection. The downward 
trend of the median antistreptolysin 
O titer of this group would appear to 
confirm this impression (Fig. 3). 

The pattern of infection with hemo- 
lytic streptococci was somewhat dif- 
ferent in the 6-to-10-year age group 
than in the younger age groups sub- 
sequent to the above period. During 
July, two children in this age group 
showed the presence of Group A he- 
molytie streptococci on a single oc- 
easion, without evidence of respiratory 
infection or a rise in antistreptolysin 
O titer. During the following months 
of August and September, no Group 
A hemolytie streptococci were found 
in any member of. this age group. 
However, hemolytic streptococci which 
could not be grouped with our anti- 
sera were found in six children dur- 
ing the month of July and in an addi- 
tional four children during the month 
of August. Sore throats were observed 
during these months in only two of 
these ten children, and in no child did 
a significant rise in antistreptolysin O 
titer subsequently oceur, suggesting 
that these nongroupable organisms 
were of low pathogenicity. During the 
month of October, a single child in 
this group showed the presence of 
Group A hemolytic streptococci, asso- 
ciated with an acute tonsillitis. In 
the following month of November, an 
additional seven children showed the 
presence of Group A hemolytic strep- 
toecoeci, of whom five showed evidence 
of an upper respiratory infection, and 
three of the latter showed significant 
rises in antistreptolysin O titer. These 
three children had received limited 
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specific therapy. In one of the two 
children who did not manifest an 
upper respiratory infection at the time 
Group A hemolytie streptococci were 
found, a significant rise in antistrep- 
tolysin ©O titer occurred. During 
December, an additional four children 
in this group showed Group A hemo- 
lytie streptococci for the first time. 
Only one of these children showed 
evidence of an upper respiratory in- 
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eussed further when the age groups 
are compared. 

From Fig. 4 it will be observed that 
the median antistreptolysin O titer 
for this age group reached its highest 
level in January, subsequent to the 
streptococeal infections mentioned 
above. This high level was sustained 
over a period of three months, in spite 
of infrequent significant rises in titer 
during this period. This is a reflee- 
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Fig. 4.—Same as Fig. 1, for children 6 to 10 years of age. 


fection. This child and another child 
without evidence of a respiratory in- 
fection showed a significant rise in 
antistreptolysin O titer. Thus, five 


out of the eleven children acquiring 
Group A hemolytie streptococci dur- 
ing November and December showed 
no evidence of an upper respiratory 
infection, yet two of these developed 
significant rises in antistreptolysin O 
titer. 


These observations will be dis- 


tion of the slower return to normal of 
the antistreptolysin O titer in this 
older group than was observed in the 
younger age groups. One child who 
showed a significant rise in titer dur- 
ing February had experienced an 
upper respiratory infection two 
months earlier. Two injections of 
procaine penicillin G (450,000 and 
300,000 units) were given on consecu- 
tive days, following which symptoms 
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disappeared, but Group A hemolytic 
streptococci were recovered weekly 
thereafter for twelve weeks. 


COMPARISON OF AGE GROUPS 


Of the various periods of the year 
of study, the one between August and 
December represented one during 
which the greatest number of children 
in each of the age groups acquired 
Group A hemolytic streptococcal in- 
fection and manifested significant rises 
in antistreptolysin O titer. This period 
has therefore been selected for a com- 
parison of the three age groups with 
reference to (a) the consequences of 
acquiring Group A hemolytic strep- 
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in the total study group acquired 
Group A hemolytie streptococci dur- 
ing this five-month period. Approxi- 
mately one-third of those acquiring 
these organisms failed to show any 
evidence of an upper respiratory in- 
fection. When the component age 
groups are compared with reference 
to the occurrence of respiratory illness 
at the time of acquisition of Group A 
hemolytic streptococci, some significant 
differences are noted, in spite of the 
small numbers involved. All except 
two of the fifteen children in the age 
group under 3 years who acquired this 
organism showed evidence of an upper 
respiratory infection, and most of the 


TaBLE I. ACQUISITION OF Group A HEMOLYTIC STREPTOCOCCI IN RELATION TO UPPER 
RESPIRATORY INFECTIONS AND SIGNIFICANT INCREASES IN ANTISTREPTOLYSIN O TITER 


NUMBER ACQUIRING GROUP A HEMOLYTIC STREPTOCOCCI 


WITHOUT AS* 
WITH AS* INCREASE INCREASE TOTAL 
AGE GROUP <3 3-6 6-10 <3 3-6 6-10 <3 3-6 6-10 TOTAL 
Upper respiratory 
infections 10 6 3 3 2 3 13 8 6 27 
No upper respira- 
tory infections 1 3 4 2 2 2 5 6 13 
Total ll 9 7 4 5 15 13 12 40 
*Antistreptolysin O increase of 2 dilutions or more during following month. 
toecoceal infection, and (b) the ecir- latter (ten children) subsequently 


cumstances under which significant 
rises in antistreptolysin O titer oe- 
eurred during this period.* 

Table I shows the results of aequir- 
ing Group A hemolytic streptococci 
with reference to overt evidence of 
upper respiratory infection and sub- 
sequent increases in antistreptolysin 
© titer, for each age group. A child 
was considered to have acquired infee- 
tion during this period when previous 
throat cultures had been negative for 
at least four weeks. It will be noted 
that forty of the forty-five children 


*The January antistreptolysin O rises are 
included, since they reflect streptococcal in- 


fections incurred during the previous month. 


showed a significant rise in antistrep- 
tolysin O titer. By contrast, only half 
of the twelve children in the 6-to-10- 
year age group manifested an upper re- 
spiratory infection following acquisi- 
tion of these organisms, and this was 
the only age group in which more chil- 
dren showed a significant inerease in 
antistreptolysin O titer in the absence 
of upper respiratory illness than when 
such illness occurred. This greater 
prevalence of subclinical infection in 
the older age group is confirmed by 
the subsequent analysis of data. 
Table II presents an analysis of sig- 
nificant increases in antistreptolysin 
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O titer during the above five-month 
period, by age group, and in relation 
to upper respiratory infections ob- 
served and therapy administered. 
During this period, thirty-three of the 
forty-five children in the total study 
group showed a total of thirty-six sig- 
nificant rises in antistreptolysin O 
titer. By a coincidence, these thirty- 
six elevations of titer were equally 
distributed among the three age 
groups, twelve being observed in each 
group. It will be noted that eleven 
of the twelve significant rises in titer 
oecurring in the youngest age group 
were preceded by upper respiratory 
infections. Limited specifie therapy 


teriological cure, despite clinical im- 
provement, is thereby evident. 

In the 3-to-6-year age group, it will 
be noted that seven of the twelve rises 
in antistreptolysin O titer were pre- 
ceded by an upper respiratory infec- 
tion. In four of these seven instances, 
Group A hemolytie streptococci were 
found, Group C organisms were found 
in two, and in one instance no hemo- 
lytie streptococcus was obtained on 
eulture. One of the children in whom 
Group C hemolytic streptococci were 
found showed evidence of a mild 
upper respiratory infection, for which 
no therapy was given, at the time 
these organisms were found. In the 


TaBLe II. SiGNiIFICANT RISES IN ANTISTREPTOLYSIN O TITER IN RELATION TO UPPER 
RESPIRATORY INFECTIONS AND THERAPY 
SIGNIFICANT RISES IN ANTISTREPTOLYSIN 0 TITER 
THERAPY | NO THERAPY TOTAL | a 
AGE GROUP <3 36 610 | <3 3-6 6-10 <3 3-6 6-10 || ToraL 
Upper respiratory 
infections 10 3 4 1 4 0 11 7 4 22 
No upper respira- 
__tory infections 0 oO 0 1 5 8 1 5 8 14 
Total 10 3 4 2 9 8 12 12 12 36 


was given for ten of these overt in- 
feetions. In seven of the ten chil- 
dren given such therapy, Group A 
hemolytie streptococci had been ob- 
served prior to the upper respiratory 
infection, two showed Group C organ- 
isms, and in one child no positive eul- 
ture for hemolytie streptococci had 
been obtained prior to the illness. In 
the nine children in whom hemolytic 
streptococci, either Group A or Group 
(, had been found and therapy given, 
similar organisms were obtained on 
throat eulture within one week of the 
administration of limited specifie ther- 
apy in seven children, and within two 
weeks in the remaining two children. 
Failure of this regimen to secure bac- 


other child showing this organism, 
positive cultures had been obtained 
for ten conseeutive weeks prior to the 
rise in antistreptolysin O titer (from 
50 to 125 units). Occasional episodes 
of rhinitis and cough oceurred in this 
child during the continued presence 
of Group C streptococci. Limited 
specific therapy was given to only 
three of the seven children with upper 
respiratory infections, indicating their 
mild character. In two of these chil- 
dren so treated, organisms were again 
found on the subsequent throat cul- 
ture, and the one a week later, re- 
spectively. 

In the 6-to-10-year age group, it will 
be noted that only four of the twelve 
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significant rises in antistreptolysin O 
titer were preceded by upper respira- 
tory infections. Group A hemolytic 
streptococei were found in these four 
instanees, and limited specific therapy 
was given. Subclinical infections oe- 
eurred in two children with Group A, 
two with Group C, and one with 
Group G hemolytic streptococci. 

As one compares the three age 
groups with reference to events pre- 
ceding the significant rises in anti- 
streptolysin O titer, it is evident that 
‘while upper respiratory infections pre- 
ceded almost all of these rises in the 
youngest age group, the experience of 
the oldest age group was notable in 
that such infections were observed 
prior to only one-third of the sig- 
nificant rises in antistreptolysin O 
titer. The middle age group occupied 
an in-between category with reference 
to this. Hemolytie streptococci found 
preceding the thirty-six rises in anti- 
streptolysin O titer were as follows: 
Group A, twenty-three ; Group C, six; 
Group G, one; negative, six. Of the 
twenty-three Group A organisms en- 
countered, preceding these antistrep- 
tolysin O inereases, twelve could not 
be typed with available antisera, three 
were type 18, two were type 28, one 
was type 4, and typings were not done 
on five organisms. 


ADDENDUM 


Four children in our study group 
showed elevated antistreptolysin O 
titers for prolonged periods, and are 
being followed beyond the one-year 
limit of the remainder of the study. 
Two children in the 3-to-6-year age 
group showed titers of 625 units at 
the outset of the study, and their 
titers have not dropped below 250 
units over a period of 22 months of 
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observation. In the 6-to-10-year age 
group, two children also showed similar 
elevated titers over the same period of 
observation. Sedimentation rates, C- 
reactive protein determinations, and 
electrocardiograms have been normal in 
these children, but occasional slight 
elevations of white blood cell counts 
have been observed. It has been sug- 
gested that such a pattern of pro- 
longed elevation of antistreptolysin O 
titer is associated with the develop- 
ment of rheumatie fever.** 7° We plan 
to follow these children, and others 
showing similar antistreptolysin O 
patterns, to determine whether this 
supposition is correct, since it may 
have important implications in the 
prevention of rheumatic fever, by af- 
fording a means of early detection of 
candidates for this disease. 


DISCUSSION 


Most studies of hemolytic strepto- 
coceal infection have been based upon 
data obtained following outbreaks of 
streptococcal illness or upon observa- 
tions made in individuals with mani- 
fest disease. This study differs in that 
it was initiated during a period of low 
prevalence of respiratory illness, and 
is based upon periodic antistreptolysin 
O determinations made without refer- 
ence to the presence or absence of 
illness. It was hoped in this way to 
assess the role of subclinical infec- 
tions and of limited specifie chemo- 
therapy for overt infections in produc- 
ing significant rises in antistreptolysin 
O titer. 

Unexpectedly, a high prevalence of 
hemolytic streptococcal infection was 
encountered during the early months 
of our study, when both upper respira- 
tory infections and significant in- 
creases in antistreptolysin O titer were 


infrequent. During the first three 
months of the study, only one child 
in each age group failed to show he- 
molytic streptococci. This suggests 
that the high prevalence probably 
represented a convalescent carrier 
state, which may have been the after- 
math of widespread streptocoeceal in- 
feetion occurring prior to the initia- 
tion of the study. In favor of this 
assumption is the deeline observed in 
both the proportion of children in- 
fected with these organisms and in the 
median antistreptolysin O titers of all 
age groups during the early months of 
the study. The inability to type Group 
A organisms eneountered during this 
period also points toward this assump- 
tion, since such organisms are less 
readily typed when encountered in 
convalescent carriers than during out- 
breaks of streptococeal disease. The 
fact that a large proportion of the 
hemolytic streptococci observed in the 
younger age groups belonged to Group 
© may also have been responsible for 
the low incidence of illness observed 
during this period, since the presence 
of streptococci belonging to this group 
was not associated with upper respira- 
tory illness or significant rises in anti- 
streptolysin O titer as frequently as 
was observed in the case of Group A 
infeetions. 

In the analysis of the five-month 
period during which most of the new 
Group <A infections and significant 
rises in antistreptolysin O titer oe- 
eurred, it was noted that the patterns 
observed, in terms of the presence or 
absence of illness and of rises in anti- 
streptolysin © titer, differed for the 
three age groups. The youngest age 
group responded to the introduction of 
Group A infeetion with a relatively 
high ineidence of upper respiratory 
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illness and subsequent inereases in 
antistreptolysin O titer. The two older 
age groups by comparison manifested 
less overt illness and fewer increases 
in antistreptolysin O titer. This may 
have reflected the existence of type- 
specific antibacterial immunity in 
these older children. When the preva- 
lence of upper respiratory illness was 
examined in relation to significant 
antistreptolysin O increases occurring 
in each age group, rather than with 
reference to the acquisition of Group 
A hemolytie streptococci, the factor of 
type-specific immunity ean be ruled 
out, yet a similar observation was 
made, namely, that overt respiratory 
illness was less frequently observed in 
the older age groups, and when it did 
oceur it was frequently of so mild a 
nature that specific therapy was not 
considered necessary. In the latter 
groups, not only did many fail to show 
evidence of an upper respiratory in- 
fection following hemolytie streptococ- 
cal infection, but many children in 
whom a significant immunologic re- 
sponse did occur showed no prior up- 
per respiratory infection. Although the 
number of children involved is small, 
this frequency of subelinical and mild 
infections producing an immunologic 
response, observed in the older age 
groups of our study, has implications 
with reference to the prevention of 
rheumatie fever. 

If this is as common an occurrence 
as noted in our study, even the identi- 
fication and adequate treatment of all 
eases of overt streptococeal infection 
would fail to reach this group of chil- 
dren who without such manifestation 
of disease nevertheless develop a simi- 
lar immunologie response. Presum- 
ably these children are candidates for 
rheumatie fever to an equal degree, 
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although we have no evidence to sub- 
stantiate this, other than the well- 
known observation that reerudescenses 
of rheumatic fever frequently occur 
without a history of a preceding upper 
respiratory infection. These may well 
be the consequences of similar sub- 
clinical infections. 

Antistreptolysin O determinations 
might serve a useful purpose if ecar- 
ried out periodically upon children in 
age groups and social groups suscepti- 
ble to rheumatie fever, in order to 
detect those who may be harboring the 
hemolytie streptococcus and develop- 
ing an immunologic response to it 
without overt illness. It has been 
postulated that the development of 
rheumatie fever requires the presence 
of living streptococci throughout con- 
valescence,'’® and this would appear to 
apply equally under conditions of sub- 
clinieal infection. The mere finding 


of hemolytie streptococei in the throat 
on periodic examination has little sig- 
nificance, since it frequently represents 
a carrier state, unaccompanied by an 


immunologie response, due to the 
presence of type-specific immunity. 
Conversely, failure to find hemolytie 
streptococci in the throat, as occurred 
in nine children in our study prior to 
significant rises in antistreptolysin O 
titer, indicates that the latter test 
may be more sensitive than bacterio- 
logic findings in identifying recent 
streptococeal infection. The semiquan- 
titative criteria employed by us to 
estimate the positivity of throat eul- 
tures did not reveal any correlation 
between the degree of positivity and 
subsequent increases in antistreptoly- 
sin O titer. If the antistreptolysin O 
determination serves as an index of 
the immunologie hyperreactivity which 
is presumed to be responsible for rheu- 
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matie fever, it should prove useful for 
sereening out susceptible children, to 
whom special attention would be given 
during respiratory infections, and pos- 
sibly prophylactic therapy adminis- 
tered in order to intereept rheumatic 
disease at an earlier stage in its nat- 
ural history. It would require ex- 
tended observations, beyond the im- 
posed limits of this study, to prove the 
feasibility and practicability of such 
an approach through periodic anti- 
streptolysin O determinations. 

Of more than passing interest was 
the observation that significant in- 
ereases in antistreptolysin O titer oe- 
eurred in nine children in whom only 
Group C hemolytie streptococci were 
encountered prior to the elevation in 
titer. Symptoms of upper respiratory 
illness were observed in association 
with these organisms in five cases oc- 
eurring in the youngest age group, 
but not in the four eases in older chil- 
dren, in this respect resembling the 
pattern observed with Group A infee- 
tions. It is frequently assumed that 
streptococci other than members of 
Group A are not involved in the 
pathogenesis of human disease, in spite 
of considerable evidence to the con- 
trary. Group C streptococci have been 
isolated from the same sources in nor- 
mal persons as have been Group A 
organisms,”° as well as from wounds,”* 
searlet fever,2* puerperal infection,** 
and erysipelas.2* We have observed a 
ease of acute glomerulonephritis from 
which Group C streptococci were re- 
peatedly obtained. Both Group C and 
Group G hemolytie streptococci can 
produce streptolysin, streptokinase, 
and erythrogenie toxin, and may be 
responsible for infections in man as 
severe as those produced by Group A 
organisms. It is conceivable that in- 
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fections with Group C hemolytic strep- 
tocoeci may also be followed by rheu- 
matie fever. although it would be dif- 
ficult to provide conclusive evidence 
of this. No eases of rheumatic fever 
occurred in our study group during 
the year of observation. 

Our experience in typing Group A 
hemolytie streptococci encountered in 
our study leads us to conelude that 
nontypable streptococci are not neces- 
sarily nonvirulent carrier strains, but 
probably represent organisms for 
which specific typing sera are not 
available. This is based upon our 
observation that eleven children in our 
study group show significant antistrep- 
tolysin O inereases following infection 
with nontypable Group A_hemolytie 
streptococci, and eight of these mani- 
fested symptoms of upper respiratory 
illness. 

The persistence of hemolytic strep- 
tocoeci and the subsequent occurrence 
of inereases in antistreptolysin O titer, 
as well as infection of other children, 
observed following limited specific 
therapy for hemolytic streptococcal in- 
fections confirm the experience of 
others with regard to the necessity of 
prolonged therapy, preferably with 
penicillin, if eradication of these or- 
ganisms is to be obtained. That such 
eradication can be achieved by pro- 
longed therapy was conclusively dem- 
onstrated, following the use of benza- 
thine penicillin G and tetracycline 
hydrochloride in the two younger age 
groups. Our failure to eradicate 
Group C organisms with prophylactic 
penicillin producing blood levels ade- 
quate against Group A organisms is 
of interest. Certainly the role of 
Group C organisms as potential pre- 
eursors of rheumatic fever deserves 
further investigation, particularly if 
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they prove resistant to usual regimens 
of prophylactic therapy with penicil- 
lin. 

The emergence of staphylococci fol- 
lowing therapy with the broad spee- 
trum antibiotics has been the subject 
of many recent reports in the medical 
literature, and is borne out by our ex- 
perience in this study. It is possible 
that a lower level of dosage would 
have prevented this development, yet 
at the same time might have achieved 
the eradication of Group C hemolytic 
streptococci which persisted under 
penicillin prophylaxis. In view of the 
resistance of these staphylococei to 
penicillin, it is of interest that their 
emergence was not observed during 
the period of penicillin prophylaxis, 
but oceurred subsequent to the admin- 
istration of tetracycline hydrochloride. 
Such a development has been reported 
to result in active infection with the 
staphylococeus in eases of pneumococ- 
cal lobar pneumonia,”* but no adverse 
effects were noted from this in our 
study, in spite of the almost universal 
presence of measles in the study group 
at that time. 


SUMMARY 


Observations are reported on a one- 
year orphanage study of hemolytic 
streptococeal infections, during which 
weekly throat eultures and monthly 
antistreptolysin O determinations were 
made. When these data were analyzed 
in relation to clinical and subclinical 
illness in the study group and the 
influence of limited specific therapy, 
the following observations were made: 


1. The high prevalence of infection 
with hemolytic streptococci during the 
early months of the study was consid- 
ered to represent a convalescent car- 
rier state, due to the low prevalence of 
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clinical illness and the downward 
trend of antistreptolysin O titers. 

2. During this early period, wide- 
spread infection with Group C hemo- 
lytie streptococci was encountered, 
without associated clinical illness or 
significant increases in antistreptolysin 
O titer. However, the latter occurred 
during the subsequent months of the 
study in nine children following in- 
fection with this organism. The po- 
tential significance of Group C infee- 
tions, in relation to rheumatie fever, 
is discussed. 

3. Clinical illness and significant in- 
ereases in antistreptolysin O titer 
were noted most frequently in the 
youngest age group and less fre- 
quently in the older age groups of the 
study, following the acquisition of 
Group A hemolytic streptococci. 

4. Significant increases in antistrep- 
tolysin O titer were preceded most 
frequently by upper respiratory ill- 
ness in the youngest age group and 
less frequently in the older age groups, 
in whom subelinical infections were 
more common. 

5. Nontypable Group A _ hemolytic 
streptococci encountered during our 
study appeared to be as capable of 
producing clinical illness and im- 
munologie responses as typable organ- 
isms. 

6. Failure of prophylactic penicillin 
producing adequate blood levels (0.03 
to 0.125 unit per milliliter) to eradi- 
eate Group C hemolytic streptococci 
was observed in a few instances. 
While tetracycline hydrochloride 
achieved the eradication of these or- 
ganisms, its administration was fol- 
lowed by the emergence of large num- 
bers of staphylococci. The latter pro- 


duced no adverse effects even during 
an epidemic of measles. 
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7. The failure of short courses of 
penicillin and tetracycline antibiotics 
to eradicate hemolytic streptococci was 
repeatedly observed, and the implica- 
tions of this, and of the observations 
made above, in the prevention of rheu- 
matie fever are discussed. 
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Boston 


On Wednesday last a Girl of about 4 Years of Age, was found dead in one of the 


Tenements in Boarded Alley so-called—A Jury of Inquest was summoned, who brought in 
— It appeared that a Woman in the Tenement 
the Evening before had brought in a Pitcher with Rum therein, and while she went out to 
get a Candle, it’s supposed the Child being thirsty, took the Pitcher and drank a great Part 
of the Liquor, which stupified it till it died. 


From New LONDON GazeTTE, Dee. 27, 1771. 
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MANAGEMENT OF FOREIGN OBJECTS IN THE ALIMENTARY TRACT 


HerMan [, Larr, M.D., anp R. Parker ALLEN, M.D. 
DENVER, CoLo. 


HE management of children who 

have ingested foreign bodies is one 
of the more frequent problems in pedi- 
atrie practice. Sinee most of the ob- 
jects causing concern are radiopaque, 
roentgen examinations play an im- 
portant part in the diagnosis and 
treatment. Most such objects will 
traverse the alimentary tract without 
difficulty. Films or fluoroscopy may 
be used to follow their progress, 
especially when they have not ap- 
peared in due time. <A few of the 
longer foreign bodies, notably the 
bobby pin, frequently fail to pass from 
the stomach or upper small bowel. 
Some advocate the removal of mem- 
bers of this group upon diagnosis or 
when they have not passed after a 
reasonable time. The use of magnets 
to accomplish removal of foreign 
bodies from the stomach and upper 
small bowel has recently become an 
accepted method of handling these 
cases. A summary of five years’ ex- 
perience with ingested opaque foreign 
hodies and their removal by magnet 
is presented from the Denver Chil- 
dren’s Hospital. 


REVIEW OF LITERATURE 


The most recent editions of three 
authoritative pediatrie texts (Nelson,' 
Holt and MelIntosh,? Gross*) state 
generally that most foreign bodies will 
pass without trouble and that man- 


From the Departments of Otolaryngology 
and Radiology, Children’s Hospital. 


agement consists in watching the 
stools. Roentgen examination is used 
to follow progress if the object is not 
recovered in a day or two. Removal 
of hairpins, bobby pins, or other long 
sharp objects is recommended upon 
diagnosis if they are still in the 
stomach. Those beyond the pylorus 
may be given a chance to pass, but if 
stationary up to a week, surgical re- 
moval is advocated. 

Endoseopie removal of foreign 
bodies from the esophagus and 
stomach has been recommended by 
many following the excellent work of 
Jackson* in 1905. Most of these re- 
ports suggest immediate removal of 
any of the long or sharp objects. 

Waiting as long as a month has 
been successful in final passage in 
some instanees.° One report of forty- 
one eases of various foreign bodies 
shows that all passed after several 
weeks. 

In contrast, however, reports of per- 
foration and inflammatory reactions 
are numerous. One particularly in- 
teresting case has been reported’ in 
which the patient presented with uri- 
nary infection resulting from ureter- 
itis associated with adjacent periduo- 
denitis caused by a retained bobby 
pin. 

Accurate localization of  intra- 
luminal abdominal foreign bodies has 
been assisted by the use of carbonated 
beverages. The stomach and duo- 


563 


564 


denum can be outlined without obseur- 
ing the foreign body or interfering 
with later procedures. 

The development of the Alnico mag- 
net, far stronger than any previously 
available, introduced a new approach 
to the removal of magnetic foreign 
hodies.° There are several reports of 
removal of objects from the stomach 
with such a magnet on a string or 
"© Two reports indicate 
the use of the magnet for retriev- 
ing elongated foreign bodies stuck 
below the pylorus.'* Small electro- 
magnets which have the advantage of 
being turned on and off have been 
used The Berman locator’ 
(used externally to produce a signal 
if the object is magnetic) may be help- 
ful in eases in whieh an object similar 
to the ingested one is not available 
for magnetie test. 

The majority of authors then ree- 
ommend watchful waiting except with 
objects known to be difficult to pass. 
A few wait long periods for these, 
while others remove them immediately. 
Removal by magnet is recommended 
by several authors, especially when the 
object has remained stationary for a 
few days. 


ANALYSIS OF CASES 


At the Denver Children’s Hospital, 
216 radiopaque foreign bodies have 
been found in the alimentary tract 
from December, 1949, to July, 1955. 
Fifteen more have been found in the 
respiratory tract. The foreign bodies 
were as follows: 


In the esophagus: 46 coins, 12 open 
safety pins, 15 miscellaneous objects. 
Thirty-two of the coins lodged in the 
esophagus were in the ‘‘weak spot’’ 
below the ericopharyngeus musele and 
were removed by forceps. 


The others 
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were in the lower one-fourth and were 
either extracted or pushed into the 
stomach. Five were in the stomach 
in the immediate pre-endoscopy film. 
All of the open safety pins were re- 
moved by foreeps. 

In the gastrointestinal tract: 35 
coins, 30 open or closed pins, 28 bobby 
pins, fifty miscellaneous foreign 
bodies, All of the coins and all but 
one of the miscellaneous objects were 
passed spontaneously. The bobby pins 
are of special interest. The age range 
was from 3 months to 6 years, most 
being about 2 years. Eleven were 
passed. Five of these were beyond 
the duodenum when the patients were 
first examined. Seventeen (10 from 
stomach, 6 from the duodenum, and 1 
from jejunum) were removed by 
peroral magnet. The 6 from the duo- 
denum and 1 from the jejunum had 
remained in the same position from 
three to fourteen days after discovery. 
Three of the 10 from the stomach had 
been present three days or more. 


METHOD 


When a patient is thought to have 
swallowed or aspirated an opaque 
foreign body, the following regimen is 
instituted, assuming the routine history 
and physical examinations have been 
completed : 


1. The parent is asked to furnish a 
similar object if one is available. 

2. The mouth, nose, and throat are 
searched in the examining room. 

3. Film or fluoroscopy of the ab- 
domen is performed. If no foreign 
body is seen, the chest and neck are 
filmed. Thorough survey from mouth 
to anus is always necessary. The lat- 
eral film of the neck is especially im- 
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portant since objects often lodge in 
the recesses of the pharynx and are 
easily overlooked, even in the antero- 
posterior film of the neck (due to 
superimposition of the skull). 

4. If the foreign body is found in 
the esophagus, it is removed by for- 
ceps or magnet under esophagoscopy 
vision—oceasionally with fluoroscopic 
assistance. 
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stomach and one of the type poorly 
passed but magnetic, a magnet on a 
catheter is introduced through the 
mouth and manipulated under the 
fluoroscope until it contacts the 
foreign body. It is then carefully 
withdrawn, using sedation or anes- 
thesia when necessary. An endoscopist 
is ready in case the foreign body 
should become detached and aspirated 


Fig. 1.—Bobby pin lodged in small bowel at the ligament of Treitz showing typical appearance. 


5. (a) If in the stomach and one of 
the group usually passed without 
difficulty, the patient is sent home 
with instructions to watch for it. 
Straining each stool is usually nee- 
essary. <A surprising number of 
parents are positive the object has not 
been passed, but a check film shows 
that it has disappeared. (b) If in the 


during removal. This happened once, 
but the object was easily reattached to 
the magnet and removed. 

6. If the site within the abdomen is 
not certain, a carbonated soft drink is 
used to demonstrate the stomach and 
duodenum. Fluoroscopy with rotation 
and palpation will then usually prove 
its position. 


Bence 
Pee 


7. If the foreign body is a long one, 
such as a bobby pin, and is found in 
the typical oblique position to the left 
of the midline (Fig. 1), where it is 
held by the sharp angulation at the 
ligament of Treitz, a curved magnet 
on a string or on a duodenal tube is 
introduced and allowed to pass into 
the duodenum. It will usually reach 
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drawn. Removal of foreign bodies in 
cooperative children has been done in 
a few minutes with no sedation or 
anesthesia. More excitable children 
should have sedation, and some may 
need anesthesia to reduce the danger 
of struggling, thereby separating the 
foreign object from the magnet during 
withdrawal. 


Fig. 2.-Two sizes of magnets attached to tubes. 


The larger is the one commonly used in the 


sastrointestinal tract. The smaller was made for foreign bodies in the bronchus. 


the foreign body in one to three hours 
on a string. When a catheter is used, 
passage can often be expedited by 
manipulation under the fluoroseope. 
Procaine (about 5 or 10 ¢.c. of 1 per 
cent solution) usually helps to relax 
the pylorus and facilitates more rapid 
passing of the magnet from the 
stomach. All of our more recent cases 
have been done with the magnet on a 
duodenal tube. After it attaches, the 
magnet and foreign body are with- 


8. If the object is beyond the upper 
jejunum, time is allowed for it to 
pass, but if it stays in one position 
for several days, the magnet on a long 
tube may be used. In one reported 
ease’ and in one of ours, the object 
was retrieved from a ‘‘stationary 
point’’ well down in the small bowel. 

9. When no opaque object is found, 
an esophagram is done to rule out a 
nonopaque foreign body lodged in the 
esophagus. If not in the esophagus, 
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there is either none present or it will 
probably go the rest of the way. 
Search of the stomach and bowel for 
nonopaque objects, using contrast 
medium, is usually not productive. 
The chest is usually surveyed for the 
possibility of aspiration and bronchial 
obstruetion. 

10. Aspirated opaque objects are 
usually removed by bronchoscopy 
foreeps. A 1.5 mm. diameter magnet 
on a polyethylene tube is also avail- 
able. 

MAGNETS 


Alnieo magnets of various sizes, 
some eurved, which can be firmly at- 
tached to tubes and strings are used 
(Fig. 2). One small one attached to 
a rather stiff polyethylene tube has 
been useful in reaching thin objects 
situated in the smaller bronchi beyond 
the reach of forceps. 


FLUOROSCOPE 


Although a biplane fluoroscope is 
available, the ordinary fluoroscope is 
all that is needed. A stereofluorosecope 
is not available to us. 


DISCUSSION 


The above procedure has been use- 
ful in our experience. We have en- 
countered no difficulty in passing the 
magnet either on a string or on a 
catheter. Esophagoseope or foreeps 
are seldom if ever necessary in pass- 
ing the magnet. When on a string, 
if it is dropped in the back of the 
throat with the child supine (un- 
anesthetized), it will be swallowed 
easily. On a catheter it is easily 
passed through the nose (and the 
catheter then pulled out through the 
mouth for easier removal of the 


foreign body) or directly through the 
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mouth. The magnet is easily pulled 
out even from several loops of small 
bowel. 

Our first several removals were done 
with general anesthesia, but the ease 
of the procedure led to a trial without 
anesthesia, and now all of our eases 
are done without medication or anes- 
thesia unless the patient appears to be 
particularly difficult to handle. An 
endoscopist has been available each 
time but has not been needed so far. 
It is felt that many more cases should 
be done before it will be safe to as- 
sume that the procedure is without 
danger. 

In an excitable or uncooperative 
patient the anesthesia need not be 
given until the position of the foreign 
body is determined and the magnet 
attached to it. Therefore, the magnet 
may be passed and allowed to attach 
itself—the removal to be done at the 
operator’s convenience, Restraint of 
the hands is necessary if the string or 
tube is left in before removal. 

Although fluoroscopy has been men- 
tioned frequently, the total fluoro- 
scopic exposure time in any of these 
eases should be well under’ two 
minutes ; certainly this is not a hazard 
when the equipment is properly ad- 
justed and carefully used. 


SUMMARY 


Swallowed foreign objects are a 
common pediatric complaint. Most will 
pass without difficulty if time is al- 
lowed. A few objects, such as bobby 
pins and long straight pins, may be- 
come stuck at the stomach outlet, at 
the ligament of Treitz, or occasionally 
lower in the small bowel. 

A magnet on a string or catheter is 
a simple and satisfactory method of 
removing magnetic foreign bodies 
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Rehoboth June 23 1764 


I am now at Mr James Daggetts House in Company with Mr William Bowen & Saml 
Angell & Desire you’! take hors and Shay and meet us at the upper Ferry with a Complete 
Shift of Clothes at 11 oClk, Billy Bowen & my self have bin once washed all over with Rum, 
but I think it’s best to do it again, as I had Rather have it said that we are more nice than 
wise, then to Run the least Hazard of Spreading the Small pox, therefore Desire you’! bring 


ottle of Rum to wash us with. . . 


—LETTER FROM JOHN Brown TO NICHOLAS Brown & Co, 
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INTRACUTANEOUS ASTHMA VACCINE THERAPY IN ASTHMATIC 


CHILDREN : 


ITS APPLICATION AND CLINICAL VALUE 


Louts Turt, M.D., anp Frank Ermiuio, M.D. 
PHILADELPHIA, Pa. 


ACTERIAL vaecines long have 

been employed in the treatment of 
bronehial asthma either for purposes 
of desensitization or prophylaxis. Re- 
gardless of theoretical considerations, 
clinieal experience has shown that 
many patients improve after vaccine 
therapy, lending support to the possi- 
ble bacterial or infectious etiology of 
their asthma. Swineford,’ in 1950, in 
a critical review of the use of bacterial 
antigens in the treatment of asthma 
(both in adults and in children) sum- 
marized twenty-eight reports in the 
literature. He analyzed the reported 
results in 1,708 eases in which vaccines 
were used, either alone or in con- 
junction with other measures. Of 
these, only 30 per cent of the patients 
failed to be benefited. The remainder 
were either greatly improved or com- 
pletely well at the time of the report. 
Swineford concluded, therefore, upon 
the basis of these data, that bacterial 
antigens can be effective remedies for 
asthma. 

Despite this favorable report, many 
question whether such clinical evi- 
dence can be utilized as definite indi- 
eations of the existence of true 
bacterial allergy. Often vaccine treat- 
ment was instituted upon the basis of 
the clinical history rather than upon 
the results of allergic studies, as 


From the Clinic of Allergy and Applied 
Immunology, Temple University Hospital and 
School of Medicine. 
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would be furnished by bacterial skin 
tests. In patients in wkom skin tests 
were employed, there was doubt as to 
their specificity and value, since the 
diagnosis sometimes depended solely 
upon the occurrence of immediate 
positive skin test reactions, while in 
other instances the delayed or tubereu- 
lin type of positive reaction was uti- 
lized. It is difficult to attribute the 
asthma in these patients to a true 
bacterial allergy. The question arises 
as to whether the beneficial effects 
derived from vaccine therapy can be 
attributed to a specific bacterial de- 
sensitization rather than to the non- 
specifie protein effect of the vaccine 
treatment. 

These considerations apply especial- 
ly to asthma in children in whom the 
diagnosis of ‘‘infectious’’ or ‘‘bae- 
terial’’ asthma is based upon a history 
of frequently repeated ‘‘ecolds’’ or 
‘*sinusitis’’ present either perennially 
or only in the fall or winter months. 
While the asthma in such patients may 
be due to bacterial sensitization, elini- 
eal experience has shown that the 
‘‘eold’’ in many children actually is 
an attack of allergic coryza provoked 
by the same allergenic factors which 
subsequently induce the asthma. In 
other children, the asthma is induced 
by an acute upper respiratory in- 
fection, not because of bacterial sensi- 
tization but because the patient is 
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allergic either to inhalant or to food 
allergens, or both, and is in a sus- 
ceptible state. Here the infectious 
cold acts as a trigger mechanism to 
induce the asthma, whereas elimi- 
nation of the allergenie factors renders 
them less susceptible to superimposed 
infections. 

Wide disagreement exists as to the 
incidence and importance of true bae- 
terial allergy in children. Some? * 
believe it to be the commonest cause ; 
others,* ineluding the authors, feel 
that the ineidence of true bacterial 
allergy in asthmatie children is small 
and that most of these patients either 
primarily have allergie rhinitis mis- 
taken for infectious rhinitis, or they 
are children allergie to food or in- 
halant (especially pollen or house 
dust) allergens who develop asthma 
after a so-called ‘‘eold,’’ not because 
of the existence of true bacterial sensi- 
tization, but because their basie and 
active allergy has rendered them more 
suseeptible. 

Regardless of these considerations, 
it is evident that bacteria, either by 
infection or by sensitization or by 
both, are important factors in asthma 
in children. This is the reason for the 
extensive use of bacterial vaccines in 
the treatment of asthmatie children. 


Beeause of their convenience, stock 
vaccines usually are employed. <Au- 
togenous vaccines, especially from 


aspirated bronchoseopie secretions, also 
are utilized whenever appropriate eul- 
tures are available. 

In either ease, the vaccine is in- 
jected subeutaneously either weekly 
or oftener, depending upon individual 
preference. When given for prophy- 


laxis against winter ‘‘colds,’’ a course 
of six to ten injections is given in 
increasing and 


rather large dosage. 
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When employed for purposes of de- 
sensitization in the treatment of an 
asthmatie child, the vaccine sometimes 
is given in smaller but regularly in- 
creasing dosage over a long period of 
time. However, in actual practice no 
allowance is made, either in the prep- 
aration of the vaeceine or in the dosage 
schedule, for its administration to an 
asthmatic individual, especially a child 
who might be more sensitive to the 
bacterial proteins than the average 
nonallergic person. As a_ result, 
untoward reactions have followed, as 
indicated by clinical experience and 
verified by reports in the literature. 
Various writers have mentioned their 
occurrence, but until recently little 
data could be elicited about their fre- 
queney or intensity. In 1950 Flens- 
borg,’ in a paper titled ‘‘General Re- 
actions Following Treatment With 
Bacterial Vaecine,’’ noted general re- 
actions of a varying degree in forty- 
two of 162 asthmatie children treated 
with stock vaccine. reactions 
usually were delayed, appearing after 
forty-eight hours and lasting from six 
hours to six days. He observed that 
repeated overdosage, even if it re- 
sulted only in slight reactions, may 
induce attacks of status asthmaticus or 
a prolonged rise in temperature. He 
reported one fatal reaction in a one- 
year-old child which was attributed to 
the injection of the vaccine in a dosage 
which had produced only a slight re- 
action upon previous injection. Flens- 
borg cautions against the injudicious 
use of vaccines in asthmatie children. 
That bacterial vaccines can induce at- 
tacks of asthma or aggravate an exist- 
ing one has been verified by our own 
clinieal experience in the treatment of 
asthmatie children formerly under the 
eare of either their family doctor or 
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their pediatrician. We frequently have 
elicited a history in these children of 
delayed reactions with either intensi- 
fication of the asthma or even of a 
pulmonary shock reaction, not always 
recognized by their attending phy- 
sician. 

The possibility that severe reactions 
may follow vaccine injections restricts 
its use, particularly when one con- 
siders that they are being used in a 
condition in whieh the basie mecha- 
nism and reason for their use have not 
heen clearly established. Regardless 
of theoretical considerations and be- 
cause of extensive clinical usage, it 
heeomes desirable to avoid reactions 
so that vaccine therapy can be used 
safely for whatever beneficial result it 
provides, 

The previous discussion regarding 
reactions following vaccine injections 
refers almost solely to the subeuta- 
neous method of injection which has 
been the usual method of treating 
these patients. In 1947, it occurred to 
one of us (L. T.) that severe or un- 
toward reactions might be obviated if 
the vaccine were administered by the 
intracutaneous method. The clinical 
value of the latter method in mini- 
mizing the risk of generalized or con- 
stitutional reactions has been con- 
clusively demonstrated since its intro- 
duction by Tuft® in 1931 for prophy- 
lactie typhoid immunization. The 
possibility of its clinical application 
was based upon the experimental 
demonstration in 1932 by Tuft and 
associates’ in a comparative study of 
various routes of injection (sub- 


cutaneous, intracutaneous, intramuscu- 
lar, oral, and intravenous) of typhoid 
vaccine. They showed then that the 
immune response to an intracutaneous 
injection of 0.1 ml. 


of the stock 
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typhoid vaccine was better than 1.0 
ml. given intramuscularly and equal 
and perhaps even slightly better than 
1.0 ml. given subeutaneously. Apply- 
ing this to clinical use, Tuft® showed 
in 1931 that an antibody response 
satisfactory for immunization pur- 
poses could be obtained by the intra- 
cutaneous injection of three doses of 
typhoid vaccine (0.05, 0.1, and 0.15 
ml. in children) as the initial course, 
and in 1940° that a single intra- 
cutaneous dose (0.1 ml.) would serve 
as a booster dose and provide adequate 
antibody titer. A striking result of 
these investigations was the demon- 
stration that the incidence of general 
reactions (chills, fever, malaise, diar- 
rhea, ete.), which sometimes followed 
subeutaneous or intramuscular in- 
jection, was reduced to a minimum. 
It was found that the reaction follow- 
ing intracutaneous injection usually 
was local and consisted in enlargement 
of the wheal area surrounded by vary- 
ing degrees of erythema. The latter 
persisted for varying periods of time, 
seldom were associated with consti- 
tutional symptoms, and were rarely 
incapacitating. Further experience 
with this method in prophylactic 
typhoid immunization showed that the 
maximum amount which could be 
given comfortably by intracutaneous 
injection without inducing marked 
local reaction and still would produce 
adequate antibody response was 0.2 
ml., although smaller amounts (0.1 
ml.) were even more desirable. 
Following its introduction in 1931, 
the intracutaneous method of immuni- 
zation has been employed extensively, 
not only with typhoid vaccine but also 
with other vaccines or their products, 
as a valuable method or route of im- 
munization in human beings, as well 
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as for experimental purposes in lower 
animals. Its value as a means of re- 
ducing the incidence of constitutional 
reactions was demonstrated recently 
at Temple University Hospital® in the 
administration to our personnel of 
influenza vaecine for prophylactic 
purposes. Of eighty-nine individuals 
who were given 1.0 ml. of the vaecine 
subcutaneously, fifteen, or 16.9 per 
cent, had general reactions (headache, 
nausea, and diarrhea). This was 
sufficiently marked to keep four nurses 
off duty. Seventeen others reported 
marked local reactions. By contrast, 
0.1 ml. of the same vaccine was given 
intracutaneously to 879 individuals. 
Only two, or 0.23 per cent, reported 
mild but not ineapacitating general 
reactions (headache and slight 
nausea) and only two had moderate to 
marked local reactions. This is con- 
firmatory evidence of the value of this 
method in reducing reactions. As a 
matter of fact, the intracutaneous 
method has been used extensively by 
allergists for administration of vari- 
ous allergenic extracts, especially 
pollens. Thus it sometimes is em- 
ployed in the coseasonal treatment of 
patients with hay fever with small 
doses of pollen extract, since it allows 
the introduction of amounts sufficient- 
ly small to be elinically effective with- 
out inducing constitutional symptoms. 

With this experience as a_ back- 
ground we felt that constitutional re- 
actions might be avoided by the use of 
the intracutaneous technique. Ae- 
cordingly, in 1948, we began -our first 
experiments. To prepare an autoge- 
nous vaceine for each individual pa- 
tient obviously was impractical; a 
stock vaccine would have to be used. 
It oceurred to one of us (L. T.), there- 
fore, that the best vaecine preparation 


might be one containing strains of 
organisms cultured directly from the 
bronchial secretions of asthmatic pa- 
tients. We were fortunate in having 
access to these cultures since many of 
our asthmatic patients, adult and child 
alike, had bronchoscopic examinations 
in the Jackson Bronchoscopie Clinie, at 
which time the aspirated secretions 
were collected in sterile containers and 
sent to our bacteriology laboratory for 
culture and vaceine preparation. By 
arrangement with Dr. Earl Spauld- 
ing,* we were able to keep these eul- 
tures and, by mixing them together, 
prepare a stock vaccine which we have 
designated as Asthma Vaccine or ‘* A. 
Vac.’ The following seven organisms 
were selected for our vaccine since 
they were found most often in our 
cultures: Staphylococcus aureus, pneu- 
mococci, Hemophilus influenzae, Strep- 
tococcus viridans, Neisseria flava, 
hemolytie streptococci, nonhemolytic 
streptococci. 

We next turned to the question of 
administration. From our previous 
experience with typhoid vaccine, we 
knew that the local reaction following 
intracutaneous injection could be re- 
duced if amounts of not more than 0.1 
ml. were injected. We therefore de- 
cided to maintain a standard dose of 
either 0.05 or 0.1 ml. but to use 
graduated dilutions of the concen- 
trated mixed vaccine. During the 
first year we experimented with vary- 
ing concentrations of the vaccine but 
modified these according to our subse- 
quent experience. After considerable 
trial, we finally selected the concen- 
trations and dosage schedule shown in 


*We are greatly indebted to Dr. Earl 
Spaulding, Professor and Head of the Depart- 
ment of Bacteriology of Temple University 
School of Medicine, and his co-workers for 
their helpful cooperation and guidance in the 
preparation of the vaccine. 
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Table I, which seemed to offer satis- 
factory amounts given with a mini- 
mum of discomfort. It will be noted 
that the maximum concentration of 
vaccine listed is not the concentrated 
preparation but the 1:2 dilution. 
While the dose of each diluted 
vaecine was listed as 0.1 ml., this was 
not a fixed dose. If an abnormal local 
reaction followed any injection, the 
subsequent dose was either reduced or 
a weaker concentration employed. In 
1952, after further experimentation 
and trial, we decided that the same 
number of organisms could be given 


TABLE I. DOSAGE AND DILUTIONS FOR 
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using smaller amounts is that the same 
number of organisms can be given 
without having to inject amounts 
larger than 0.05 ml. (see Table III), 
thus minimizing the amount of local 
discomfort experienced by the patient. 


TABLE II. PROPHYLACTIC DOSAGE SCHEDULE 


CONCEN- 

TRATION | AMOUNT NO. 
(MILLION/| GIVEN ORGANISMS 

DILUTION ML.) ML.) PER DOSE 

1:50 20 0.05 1,000,000 
1:50 20 0.1 2,000,000 
1:10 100 0.05 5,000,000 
1:10 100 0.1 10,000,000 
1:2 500 0.05 25,000,000 
1:2 500 0.1 50,000,000 


TABLE IIL. DESENSITIZATION DOSAGE 


ADMINISTRATION OF A. Vac. (1949 To 1951) SCHEDULE 
CONCEN- | CONCEN- 
| TRATION | AMOUNT NO. TRATION | AMOUNT NO. 
(MILLION/| GIVEN ORGANISMS (MILLION/| GIVEN ORGANISMS 
DILUTION ML. ) (ML. ) PER DOSE DILUTION ML. ) (ML. ) PER DOSE 
1:100 10 0.1 1,000,000 0.01 200,000 
1:50 20 0.1 2,000,000 1:50 20 to to 
1:20 50 0.1 5,000,000 0.05 1,000,000 
1:10 100 0.1 10,000,000 
1:5 200 0.1 20,000,000 0.01 1,000,000 
1:2 500 0.1 50,000,000 1:10 100 to to 
0.05 5,000,000 
by using three dilutions instead of six. 1:2 500 _ — 
This was done by modifying the 0.05 25,000,000 


schedule as shown in Table II, This 
schedule of dosage was employed in 
those patients in whom the vaccine 
was being given chiefly for prophy- 
laxis; that is, as a means of prevent- 
ing upper respiratory infections which 
would cause asthma. In those patients 
with possible bacterial sensitization as 
the cause of their asthma and in whom 
the vaeeine was being given for 
purposes of desensitization, adminis- 
tration of even smaller doses was de- 
sirable. By using a tuberculin syringe 
graduated in 1/100ths, it was possible 
to inject doses as small as 0.01 ml. 
Subsequent doses could be increased 
by 0.01 ml. depending upon the degree 
of loeal reaction. One advantage of 


Clinie patients getting the vaccine 
were given no drugs except when 
needed for symptomatic relief. Since 
upper respiratory infections were most 
prevalent in the late fall or winter 
months, we began giving the vaccine 
injections to our patients during 
September or in early October. They 
were given weekly according to the 
prescribed schedule shown in Table I 
(until 1952) and in Table II (since 
1952) until the maximum _ toler- 
ated dosage was reached. The latter 
then was repeated weekly for a 
month, after which the interval was 
lengthened to two weeks. Treatment 
usually was discontinued during April. 
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No rigid schedule of dosage was 
followed. The amounts were adjusted 
according to the degree of the preced- 
ing loeal reaction. Parents were in- 
structed to wateh the injection site for 
evidence of unusual reaction and 
asked to report it at the next visit 
so that the dose could be regulated 
accordingly. They also were ques- 
tioned each time about the oceurrence 
of any untoward symptoms (€.g., 
fever) or of an inerease in allergic 
symptoms which might be taken as 
indications of a constitutional reaction 
to the preceding injection. 


RESULTS 


The results will be considered in re- 
lation to two objectives: first, to as- 
certain the advantage, if any, of the 
administration of A. Vae. by intra- 
cutaneous injection; and, second, to 
ascertain, if possible, the clinical value 
of this form of treatment. 

The initial group of children re- 
ceived the A. Vae. in the fall and 
winter of 1948-1949 according to our 
first trial dosage schedule. There were 
thirty-one patients in this group, vary- 
ing in age from 21% to 12 years. Most 
of the patients had frank asthma, 
usually associated with allergie rhi- 
nitis; a few had frequent attacks of 
rhinitis in the fall or winter with only 
mild or occasional asthma. The num- 
ber of injections received by each pa- 
tient in this group varied between 
eight and eighteen, depending upon 
the regularity of the patient’s clinie 
attendance. Four patients received 
three to five injections and then failed 
to return. Of the thirty-one, the 
maximum concentration reached was 


as follows: concentrated vaccine by 


nine, the 1:2 dilution by eighteen, the 
1:5 dilution by two, and the 1:10 by 2. 
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Altogether, 258 injections were 
given. constitutional reactions 
were observed following any of the 
injections, The type of local reaction 
observed following the injection of A. 
Vae. corresponded generally to that 
observed after intracutaneous typhoid 
vaccine injection, except that it was 
milder. This difference is readily ac- 
counted for by the faet that the 
typhoid vaccine is used in its con- 
centrated form, whereas the A. Vae. 
is diluted. Within a few hours after 
the injection, slight swelling and a 
variable degree of redness appeared 
around the injection site. This varied 
in size and degree and was ae- 
companied by a variable degree of 
swelling of the loca] tissue area sur- 
rounding the injection site. This per- 
sisted twenty-four or forty-eight hours 
and then gradually disappeared, leav- 
ing no aftereffects. Slight itching of 
the local area was observed. What 
might be considered as the usual or 
normal reaction following intracutane- 
ous injection is shown in Fig. 1 from 
the drawing of a reaction observed in 
one of our patients. It is to be noted 
that when the same dose was repeated 
upon subsequent visits, there was a 
definite lessening in the local reaction 
to a minimum, even with amounts as 
large as 0.1 ml. 

Loeal reactions of more than normal 
degree occurred in ten patients in this 
first group. This oceurred at the 1:5 
concentration in two patients. It was 
rather marked in one and mild in the 
other. In four patients, it appeared 
at the 1:2 concentration; and in the 
other four, with the concentrated 
vaccine, In the latter instances, the 
injection produced marked swelling at 
the local site, followed later by erust- 
ing and scaling which persisted for 
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variable lengths of time, up to several 
weeks. At times, too, there were 
nodular formations which persisted 
for several weeks. In an occasional 
case there was a slight local whitening 
or depigmentation after the disappear- 
ance of the reaction, but this was 
temporary and did not persist. As 
previously indicated, the occurrence 
of these marked local reactions after 
the injection of the concentrated 
vaccine prompted the elimination of 
the latter from the dosage schedule 
after the 1948-1949 season. 
Estimation of the clinieal benefit of 
this form of vaccine therapy was 
limited by faetors which make any 
clinieal evaluation difficult; namely, 
its dependence upon subjective evi- 
dence. We attempted to estimate the 
value of the treatment by the fre- 
queney with which these patients had 
what they ealled ‘‘colds’’ while under 
treatment and by the influence upon 
the patient’s asthma. No accurate es- 
timate of the number of ‘‘colds’’ was 
possible in all patients. We were able 
to obtain this information in only 
twenty-six of the thirty-one patients, 
and it was at best a rough estimation. 
Sixteen of the twenty-six reported 
either none or one or two slight 
“‘eolds,’’ seven reported three, and one 
had five. The parents were asked for 
their estimate of the response of the 
children to this treatment compared 
with previous winters when they either 
were untreated or were treated by 
other measures, which in some patients 
included the subcutaneous injections 
of stock vaccines. Twenty-five patients 
thought that the treatment had been 
definitely beneficial, four were in 
doubt as to its value but did not think 
the children were worse, and two 


stated they could see no benefit. These 
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impressions were strengthened some- 
what by the records obtained at each 
clinie visit. These indicated that the 
vaccine-treated group of patients ap- 
parently had fewer colds and _ less 
asthma than in previous winters. 
While we realize that these figures as 
to benefit are open to serious question 
statistically, nevertheless, we had the 
clinical impression that the treatment 
was beneficial to most of the children. 
And of equal or perhaps more im- 
portance in relation to the present 
study was the fact that none of the 
patients given the vaccine intracu- 
taneously had general or constitution- 
al reactions. Furthermore, by careful 
attention to the size of the local re- 
action, the dosage could be regulated 
or adjusted so as to avoid severe or 
discomforting local reactions. 

Our experience with the group in 
1948-1949 served as a basis for our 
later courses of treatment. During 
each subsequent fall and winter we 
tried various modifications and/or 
comparisons designed to determine 
whether the method or schedule could 
be improved with benefit to the pa- 
tient. Since it would serve no useful 
function to describe in detail what was 
done since our first series, we will 
present only a summary of the im- 
portant changes and the results ob- 
tained. 

During the 1949-1950 fall and 
winter season, in addition to the 
elimination of the concentrated vac- 
cine for the final doses, we also at- 
tempted to compare the effect of the 
intracutaneous injection of the A. 
Vac. with that of subcutaneous in- 
jection of the same vaccine in an equal 
number of patients. However, only 
twelve patients received the injections 
intracutaneously and_ eleven sub- 
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cutaneously, and since both the total 
number of injections given to each 
group and the amounts in terms of 
numbers of organisms var-ed con- 
siderably, satisfactory comparison be- 
tween the two methods of adminis- 
tration could not be made. A sum- 
mary of the effeet of the vaccine 
therapy based upon the parents’ im- 
pressions and our own records at the 
end of the course of treatment showed 
that sixteen of the twenty-one who re- 
ceived sufficient injections to be in- 
cluded in the group felt that they 
were improved, three were doubtful, 
and two were unimproved. Of the 
latter two, one had received eight in- 
jections intracutaneously and_ the 
other seven injections subeutaneously. 
Of a total of 263 injections given these 
groups by either method, there were 
two doubtful constitutional reactions 
consisting in slight wheezing occurring 
a day or two after the injection, which 
was intracutaneous in one patient and 
subeutaneous in the other. Seven of 
these had local reactions of mild to 
moderate severity, four from the sub- 
cutaneous injection of doses in 
amounts varying from 0.4 to 1.0 ml., 
and three from the intracutaneous in- 
jection of the 1:2 concentration. 
Whether the general improvement of 
the patients could be attributed to the 
nature of the A. Vae. or not cannot be 
inferred from this series since it was 
not possible to compare it with a 
similar group or even the same group 
given the ordinary stock vaccine (e.g., 
mixed eatarrhal) regardless of the 
route of injection. 

In 1950 we tried to enhance the 
value of the  intraeutaneous in- 
jection by adding hyaluronidase or 


‘‘Hydase’’* to the vaccine. We felt 
that this might lead to greater spread 
of the vaccine at the local site and 
thus induce a greater degree of im- 
munization with coincident lessened 
local reaction. The Hydase was added 
to the various dilutions in equal 
amounts. The diluted vaccine then 
was given intracutaneously in the 
usual dosage schedule to twelve pa- 
tients during the fall and winter of 
1950-1951. Four of the twelve had 
mild loeai reactions and none had 
systemic ones. Eight patients reported 
improvement, two were doubtful, and 
two were unimproved. On the whole, 
these results differed little from those 
receiving the ordinary vaecine without 
Ilydase. 

In 1951-1952, we attempted to com- 
pare the two types of vace‘ne by split- 
ting the dose, injecting 0.05 ml. of 
the vaccine containing the Hydase 
into one arm and 0.05 ml. without 
Hydase into the other arm, alternating 
the two each time. Twenty-four pa- 
tients received the vaceine in this 
manner, a total of 558 injections being 
given. No general reactions were 
noted. Local reactions of more than 
a minor degree occurred thirty-six 
times; of these twenty followed in- 
jection of the Hydase vaccine, and 
sixteen, the plain. Twelve of the 
twenty-four parents reported improve- 
ment, seven were doubtful, and three 
were unimproved. So little difference 
was noted either in the degree of 
reaction or in the clinical results ob- 
tained in this group of patients that 
the addition of Hydase to the vaccine 
was discontinued and the regular A. 
Vae. employed. 


*We are indebted to Wyeth, Inc., for the 
Hydase used in this experiment. 
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Since 1952, no further attempts 
have been made to change the vaccine 
or to compare it with other routes. 
We have been using it entirely by 
intracutaneous injection. As men- 
tioned, for the sake of convenience we 
tried to reduce the number of solutions 
used to three instead of six, according 
to the schedule shown in Table III. 
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have been watching the local site more 
earefully after each injection and 
modifying the next dose accordingly. 
A tremendous advantage of the intra- 
cutaneous method of injection is that 
it makes it possible for the attending 
physician or the parent to inspect the 
local injection site. He thus can 
actually visualize the degree of re- 


Date Dose 12 hours 24% bours | 3G bours 43 hours 
Jan. 5, 1983 {t- : Ne qab ue 
tee 
j 
A- Vac. 
Jan. 26, 1983 Ci- 10) tue. 
OQ. lee 
A - Nae. 
Mar. 4, 1453} (1 10) Negative 
O. lee. 
A- Vac 
Mar. 30,1953} (1-10) Negotue 
A-Nac: 


Fig. 1.—Local reactions following A. Vac. injections. 


Since 1952, we have given the vaccine 
to fourteen elinie patients, making a 
total of 193 injections. Our results, 


so far as reactions and clinical effects 
are coneerned, were similar to those 
obtained in the first two groups except 
that less marked local reactions have 
been obtained. 


This is because we 


action, and can be guided accordingly 
as to the next dose. This is difficult 
in patients receiving the injections 
subeutaneously or intramuscularly ex- 
cept in those who develop large local 
reactions. Contrary to the general 
opinion about vaccine injections, large 
local reactions should be avoided in 
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asthmatie patients sinee they may 
cause aggravation of the patients’ 
asthma. 

In addition to the patients treated at 
the clinic, one of us (L. T.) has given 
the vaccine to asthmatie children seen 
in his private office since 1948. These 
children comprise a small selected 
group, since it included only those 
children with a history of repeated 
‘‘eolds’’ which seemed to induce 
asthma, and a small number with a 
possible bacterial sensitization. As 
these patients reported more regularly 
we were able to follow them more eare- 
fully than was true of the elinie pa- 
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complete absence of any constitutional 
or general reaction. No attempt will 
be made to evaluate the clinical effects 
derived since most of these patients 
simultaneously received other treat- 
ment, including elimination or avoid- 
ance of positive allergens, desensitiz- 
ing injections with allergenic extracts, 
and symptomatic measures for palli- 
ative relief. On the whole, few of these 
children failed to show clinical im- 
provement as evidenced by reduction 
in the frequeney of attacks of asthma 
and/or rhinitis. Ilow much the vaeceine 
injections contributed to the improve- 
ment is difficult to assess because 


TasLe LV. SumMMAry oF RESULTS OBTAINED (1948 To 1954) 


TOTAL TOTAL | NO. Pa- | 
numBer | wo, | NUMBER OF REACTIONS | CLINICAL EFFECT 
OF | INJEC- LOCAL SYS- | REPORT- IM- | DOUBT- | UNIM- 
YEAR | PATIENTS | TIONS MILD | SEVERE | TEMIC ING PROVED | FUL | PROVED 
1948-1949 3 — 5 5 31 25 4 
1949-1950 2 33 3 1 11 9 1 1 
1950-1951 12 142 4 0 12 Ss 2 2 
1951-1952 44 558* 36 0 22 12 7 3 
1952-1954 14 195 4 0 H 10 1 2 
Private pa- 
tients 
treated 
since 1948 32 752 21 0 Undetermined—see text 
Total 125 2,036 73 5 1 89 64 15 10 


*One injection given in each arm; hence larger figure. 


tients, so that the observations made 
about this group of children probably 
could be considered more reliable. 
Altogether, thirty-two private pa- 
tients were treated. All were given 
the vaecine intracutaneously, usually 
in the same dosage as the elinie pa- 
tients, but with careful adjustment of 
the dosage according to the degree of 
local reaction. In a few patients the 
vaccine was given perennially instead 
of only from fall to spring. Since 
1950, 752 injections have been given. 
Local reactions of more than normal 
degree occurred twenty-one times, but 
a most significant feature was the 


other measures were being used con- 
comitantly. At least we can be sure 
that the vaccine treatment did not 
aggravate the patient’s condition since 
no general reactions followed any 
vaccine injection. When unusual local 
reactions followed, these could be 
readily controlled by regulation of the 
subsequent dosage, as shown in the 
patient in Fig. 1. 

Table IV contains a summary of our 
total experience since 1948. Despite an 
admitted possible statistical inaccuracy 
inherent in any clinical study, never- 
theless we are convinced from the ex- 
perience gained from the adminis- 
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tration of 2,036 injections that the 
intracutaneous method of vaccine ad- 
ministration is distinctly advantageous 
in asthmatic children. The incidence 
of local reactions was only 3.8 per 
cent, which is small. Only five, or 0.24 
per cent, were of sufficient severity to 
occasion great discomfort to the pa- 
tient. A noteworthy feature was the 
remarkably low and almost negligible 
incidence of systemic reactions. This 
seems unusually low in comparison 
with the much higher incidence (al- 
most 25 per cent) reported by Flens- 
borg.’ It is possible that we may have 
missed some of these reactions or that 
the information given us by the pa- 
tients, especially as to delayed re- 
actions, was not entirely accurate. It 
seems more likely that we avoided 
systemic reactions in our patients by 
strict regulation of the dosage ae- 
cording to the size of the preceding 
local reaction. If the previous in- 
jection produced reaction of more 
than normal degree, the subsequent 
dose was kept the same or lowered 
accordingly. This constitutes one of 
the principal advantages of the intra- 
cutaneous method of administration; 
namely, the ability to determine the 
amount of reaction by inspection of 
the loeal site of injection. 

It might be asked whether patients 
receiving intracutaneous injection do 
better clinically in so far as their 
asthma is concerned than those getting 
it subeutaneously. We cannot answer 
this on the basis of actual comparative 
studies, since the number of patients 
contained in the group studied with 
this in mind was too small to permit 
accurate comparison. But when one 


considers that no patients were made 
worse by our method in contrast to the 
reported experience of others, the in- 
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tracutaneous method would seem ad- 
vantageous from that standpoint. 

One might question also whether the 
use of the A. Vae., because it is pre- 
pared from cultures of the bronchial 
secretions of many asthmatic patients, 
has any special advantages over ordi- 
nary stock vaccine which is not simi- 
larly prepared. No aecurate answer 
to this question could be furnished by 
our investigations since it must be 
based solely upon our clinical experi- 
ence. The latter seemed to indicate 
that the use of the A. Vac. was defi- 
nitely beneficial in minimizing asth- 
matic attacks and upper respiratory 
infections. Despite this evidence, how- 
ever, it is entirely possible that stock 
vaccines containing similar strains of 
organisms but given intracutaneously 
could produce equally beneficial re- 
sults, that it is the method rather than 
the vaecine which is responsible. For 
those who have no A. Vae. available, 
intracutaneous administration of stock 
vaccine certainly could be used. In 
our own case we feel that a vaccine 
prepared from the bronchial secretions 
of asthmatie patients might have cer- 
tain superior advantages. Regardless 
of the type of vaccine used, whether it 
be our A. Vac. or commercially avail- 
able stock vaccines or an autogenous 
vaccine prepared from cultures of 
sputum, bronchoscopic aspirations, or 
upper respiratory secretions, its ad- 
ministration by the intracutaneous 
method in the manner outlined defi- 
nitely seems more advantageous than 
by other routes. 


SUMMARY 


In order to lessen the tendency 
toward constitutional reactions with 
subsequent aggravation of asthma 
which sometimes follows subcutaneous 
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injections of bacterial vaccines into 
asthmatie children, we began in 1948 
to administer the vaccine by the intra- 
cutaneous route. The vaeeine used 
(designated by us as A. Vac.) was 
prepared from pure cultures of differ- 
ent organisms isolated from the 
bronchoseopically aspirated bronchial 
secretions of many asthmatic patients. 
It was believed that such a vaceine 
might prove superior to the commer- 
cial stock vaceines usually employed. 
By varying the concentration of the 
A. Vae. and by keeping the dosage 
small (not more than 0.1 ml.), we felt 
that it could be given intracutaneously 
without too much discomfort to the 
patient. 

Series of injections were given an- 
nually in the fall and winter months 
over a six-year period to asthmatie 
children with histories of repeated 
‘‘eolds’’ preceding their attacks. At- 
tempts were made at first to compare 
the results of this method with that in 
patients receiving the injections sub- 
cutaneously, also to evaluate the use- 
fulness of Hydase added to the 
vaccine, and, finally, to determine the 
most satisfactory dilution and dosage 
schedules. The results of an experi- 
ence with 125 elinie and private 
patients given a total of 2,036 injee- 
tions strongly suggests that the intra- 
cutaneous method of administration 
using up to 0.1 ml. of varying con- 
centrations of A. Vac, seemed definite- 
ly superior to the subeutaneous 
method, in that the incidence of con- 
stitutional reactions was relatively 
minimal; also it was easier to regulate 
the dosage because of the ability to 
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visualize the local reaction following 
intracutaneous injections. Finally, 
despite the obvious drawbacks from 
attempted statistical analysis depend- 
ent upon clinical evidence and 
parents’ opinions, those patients re- 
ceiving this form of therapy reported 
more beneficial results both in relation 
to their asthma as well as in the 
lessened tendency to upper respiratory 
infections. Whether the use of our 
A. Vae. rather than other types, st@@k 
or autogenous, had advantages could 
not be determined by their clinical 
studies. But if other types of vaccines 
are utilized, it is suggested that they 
be given intraecutaneously in the 
manner already outlined. 


REFERENCES 


1. Swineford, O.: Bacterial Antigen in 
Treatment of Asthma, Am. Pract. & 
Digest. Treat. 1: 612, 1950. 

. Cooke, R. A.: Allergy in Theory and 
Practice, Philadelphia, 1947, W. B. Saun- 
ders Co., p. 131. 

3. Chobot, Robert, in Cooke, R. A.: Allergy 
in Theory and Practice, p. 434. 

4, Stevens, F. A.: Acute Asthmatic Epi- 
sodes in Children Caused by Upper Respir- 
atory Bacteria During Colds, J. Allergy 
24: 221, 1953. 

. Flensborg, E. W.: General Reactions Fol- 
lowing Treatment of Asthma With Bac- 
terial Vaccine, Ugesk. laeger 112: 392, 
1950. 

6. Tuft, Louis: Active Immunization Against 
Typhoid Fever, With Particular Refer- 
ence to an Intradermal Method, J. Lab. 
& Clin. Med. 16: 552, 1931. 

. Tuft, Louis, Yagle, Elizabeth M., and 
Rogers, Stuart: Comparative Study of 
the Antibody Response After Various 
Methods of Administration of Mixed 
Typhoid Vaccine With Particular Refer- 
ence to the Intradermal and Oral Meth- 
ods, J. Infect. Dis. 50: 98, 1932. 

8. Tuft, Louis: Further Studies of the In- 
tracutaneous Method of Typhoid Vaccina- 
tion, Am. J. M. Se. 199: 84, 1940. 

9. Baker, H. L.: Medieal Director, Temple 
University Hospital, Philadelphia, Pa., 
personal communication, 


te 


j 
a) 
¥ 
ike. 


MICROCHEMICAL BLOOD STANDARDS FOR NORMAL FIVE-DAY-OLD 
NEWBORN INFANTS 


MANDEL L. Sprvek, M.D. 
Bevery Cauir. 


UR advancing knowledge of fluid 

and electrolyte balance in many 
disease states has made it necessary to 
make repeated and at times frequent 
determinations of the electrolyte levels 
of the blood. In that pediatrie seg- 
ment where these determinations are 
most useful and necessary, the quan- 
tity of blood needed has negated all 
but the initial determinations. With 
the advent of microchemical methods, 
repeated determinations have now 
been made possible through the use of 
very small quantities of blood. This 
reduction of the amount of blood neces- 
sary, to tenths of a cubie centimeter, 
is well appreciated by the pediatrician 
who has long depended upon the aid 
from these analyses, but has always 
been appalled by the amount of blood 
needed for routine chemistries. The 
pediatrician needs no longer hesitate to 
call for extensive and repeated chemi- 
eal analyses, something not only im- 
practical but absolutely impossible 
previously. The determinations of 
serum bicarbonate, serum chloride, 
serum phosphate, potassium, sodium, 
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ealeium, albumin, globulin, in addition 
to hemoglobin, hematocrit, blood sugar, 
and nonprotein nitrogen, may be done 
on amounts of blood as low as 1.3 ml. 
The methods are varied and well 
known to the blood chemists, consisting 
of modifications of previously used 
methods, facilitated in some instances 
by special apparatus. Creat ingenuity 
has been used in devising these instru- 
ments. Microatomizers have been de- 
veloped for the flame spectrophotom- 
eter, microelectrodes for the deter- 
mination of pH, ultramicroburettes 
capable of measuring and delivering 
accurately unbelievably small amounts 
of liquids, special shakers, glassware, 
and heating devices. The present 
paper is not concerned with the elabora- 
tion of the special techniques, the care 
of detail, restandardization of volu- 
metrie equipment, controls, cleanliness, 
light, and other essentials which con- 
tribute to accuracy. Our purpose is 
to establish normals for the Los Angeles 
County Hospital to be used as stand- 
ards for the age group studied. The 
reasons for establishing such standards 
are rather interesting. When the micro- 
chemical laboratory of the Los Angeles 
County Hospital was organized, letters 
were directed to several hospitals hav- 
ing established microchemical labo- 
ratories, asking for the standards they 
were using for the premature infant, 
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and the younger 
No hospital that was contacted 


the full-term baby, 
infant. 
had established such a system of micro- 
chemical standards. Our purpose then 
is to formally establish such standards 
for our own population. They should, 
however, be applicable elsewhere. 

The work is laborious and proceeds 
slowly. At the present we are report- 
ing on forty full-term 5-day-old new- 
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on all of the infants. At least thirty 
determinations were done on each item 
studied. Statistically the number is 
adequate for the purpose. Thirty-five 
babies were breast fed on a four-hour 
schedule; three as indicated in Table I 
were on a Similae milk powder* dilu- 
tion on a four-hour schedule and two 
similarly fed on a three-hour schedule. 
Uniform timing of the drawing of 
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Time in mimutes after last feeding 


Blood Sugar 


Non-protein nitrogen 
blood sugar plotted against minutes after last feeding. 


Fig. 1.—Nonprotein nitrogen and 


born infants weighing over 2,500 grams 
and selected at random without refer- 
ence to race, sex, or feedings except as 
indicated. This is an average cross-sec- 
tion of the nursery and so fulfills the 
purpose of this study. There has in- 
tentionally been no refinement by sex, 
race, feeding, or weight. It was not 


possible to do all the determinations 


blood against the last feeding was not 
attempted because of obvious diffieul- 
ties. In addition, this would not be in 
keeping with the eventual use to which 
the standards would be put. With few 
exceptions, samples of blood were 


shows the same chemical and measureable 
physical properties as breast milk. 
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drawn between two hours and three 
and one-half hours after feeding. The 
two determinations which would be 
most influenced by this would be the 
blood sugar and the nonprotein nitro- 
gen. (However, review of Table I and 
Fig. 1 shows no such correlation be- 
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deviation,* the geometric means,} and 
the 95 per cent confidence limitst were 
caleulated and presented in Table III. 
These represent the standards arrived 
at with the arithmetic mean or, pos- 
sibly even more accurately, the geo- 
metric means representing the figures 


TABLE I, BLOOD SUGAR AND NONPROTEIN NITROGEN ARRANGED IN INCREASING TIME INTERVAL 
AFTER THE LAST FEEDING 
PATIENT TIME BLOOD NONPROTEIN 
BREAST FED (HR. MIN.) SUGAR NITROGEN 
113 2 5 88.5 33 
104 2 20 88 — 
515 2 30 87 37 
§22 2 30 90 57 
534 2 30 74 41.5 
105 2 3 74 44 
110 2 40 103 — 
535 2 40 101 37 
516 2 45 80 40 
523 2 45 99 42 
537 2 45 81 47 
106 2 5&5 58 56 
524 2 55 100 37 
536 2 5&5 99 47 
517 91 33 
116 3 5 89 29 
103 3 #10 71 40 
525 3 410 7 43 
538 3 10 89 66 
100 38.15 60 31 
518 3 15 77 38 
526 3 15 79 43 
107 3 20 92 38 
539 3 23 78.5 42 
117 3 30 87 34 
519 3 30 61 38 
540 3 3 100 52 
528 3 40 85 49 
118 3 45 100.5 29 
541 3 45 73 41 
Similac feeding every four hours 
111 3 § 88 33 
112 3 25 87 27 
119 4 § 82 38 
Similac feeding every three hours 
102 1 5&5 103 39 
101 2 45 106 — 


tween feeding intervals and the levels 
of the determinations.) The plot of 
the sugar and the nonprotein nitrogen 
shows no smooth rise and fall on a 
time interval basis. The original data 
are presented in Table II. From it, 
the arithmetic means,* the standard 


*The sum of all items divided by the num- 
ber of items. 


that will be considered the standard 
and the two standard deviation or, 


*Standard deviation ¢ = =(x*) where 
o is the standard deviation, x is the devia- 
tion from the arithmetic means N_ equals 
total number of items, £ summation of fre- 
quencies, 

+Geometric means taken from graph show- 
ing plot of logs of values. 

+95 per cent confidence limits: two stand- 
-— deviations as given by graph of logs of 
values. 
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TaBLe II. BLoop CHEMISTRIES AS DETERMINED BY MICROCHEMISTRY METHODS ON CAPILLARY 
BLoop From Five-Day-OLp NorRMAL INFANTS (OVER 2,500 GRAMS) 

co, cL NA K CA PO, PCV 
LAB. MEQ./| MEQ./| x1EQ./| MEQ./| MEQ./|MEQ./| ALB. | GLOB.| HB. % NPN | SUGAR 
NO. L. L. L. L. L. L. |GM.%|GM.%|GM.%| CLOT | MG.%| MG.% 
100 233 995 156 65 35 42 37 #29 167 52 31 60 
101 265 94.5 156 5.6 485 3.9 2.1 18.8 63 106 
102 97 164 4.35 3.85 3.6 3.8 2.04 17.2 55 39 103 
103 101.5 5.1 4.9 2.4 18.0 60 40 71 
104 32.5 4.56 67 88 
105 30.2 2.68 4.5 154 505 44 74 
106 26.2 20.0 71 56 58 
107 21.2 63 38 92 
108 16.6 61 
109 31 161 4.1 4.06 4.0 5.1 1.8 53 
110 23.55 1045 154 5.1 3.86 3.9 4.6 1.9 15.6 52 41 103 
111 98 154 4.8 4.54 5.4 4.8 2.3 17.1 56 33 88 
112 23 71 27 87 
113 104 62 33 88.5 
114 3.5 5.2 4.3 2.3 58 
115 103 147 6.75 65 
116 104 142 4.35 3.3 4.4 §35 2.1 58 29 89 
117 109 8.2 4.55 60 34 87 
118 20 108 144 4.8 3.86 3.9 49 29 100.5 
119 105 159 3.7 5.1 4.95 2.1 58.5 38 82 
515 22.5 115 158 4.8 2.08 42 3.41 2.8 18.2 65 37 87 
516 22.4 110 142 «6.2 4.0 4.1 3.55 2.5 17.6 61 40 80 
517 27.8 113.5 145 5.85 3.85 4.1 3.6 2.6 17.8 65 33 91 
518 24.6 105 142 465 3.31 4.5 3.2 1.9 17.2 54 38 77 
519 17.6 113 166 «5.1 3.16 5.0 3.7 3.6 19.1 66 38 61 
522 17.4 98 1506.1 4.32 4.7 4.1 2.65 17.22 62.5 57 90 
523 19 105.5 151 6.0 3.42 3.7 3.7 2.8 16.5 52 42 99 
524 21.8 101 149 4.3 3.81 3.05 3.5 2.1 15.7 56.5 37 100 
525 20 152 «6.0 3.51 4.2 3.6 2.7 18.2 63 43 76 
526 20 106.5 148 5.2 3.63 4.2 4.1 2.2 15.8 53 43 79 
527 21.2 101 142 «65.2 2.89 445 3.6 2. 18.3 68 38 102 
528 17.4 97 1696.1 3.39 4.0 4.1 2.2 19.9 65 49 85 
534 19.75 112.5 141 5.6 4.06 3.0 3.5 2.5 18.2 64 41.5 74 
535 19.25 111 132 5.4 4.06 3.4 3.8 2.0 16.2 51 37 101 
536 23.0 118 139 5.5 3.91 4.0 3.05 2.1 19.1 66 47 99 
537 23.0 106 139 5.2 4.02 3.75 3.4 2.6 19.4 67 47 81 
538 17.7 1105 137 5.2 3.98 4.1 3.5 2.6 17.8 66 66 89 
539 21.0 110 142 5.75 3.39 4.15 3.2 2.35 13.4 52 42 78.5 
540 20.9 107 141 5.3 4.1 3.4 3.1 2.5 16.0 56 52 100 
541 22.2 112 146 65.9 3.64 3.4 3.3 2.15 18.3 63 41 73 
TABLE IIT. Summary or ResuLts 
| | RANGE 2 95% 
DETER- | ARITHMETIC GEOMETRIC STANDARD STANDARD CONFIDENCE 
MINATION | MEAN MEAN DEVIATION DEVIATIONS LIMITS 
co, 23 22 4.00 15-31 16-31 
Cl 106 105.5 5.9 94-118 94-118 
Na 149 149 9.1 131-167 126-177 
K 5.5 5.3 0.82 3.9-7.1 4.0-7.1 
Ca 3.7 3.7 0.45 2.8-4.6 2.9-4.8 
PO, 4.2 4.1 0.59 3.0-5.4 3.1-5.5 
Alb. 3.9 3.8 0.62 2.7-5.1 3.0-4.9 
Glob. 2.4 2.3 0.37 1.7-3.1 1.7-3.1 
Hb. 17.6 17.5 1.58 14.4-20.8 14.8-20.8 
PCV 60 59 5.98 48-72 48-75 
NPN 40.6 40 8.01 24.6-56.6 27-62 
Sugar 86 86 12.5 61-111 65-113 
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better still, the 95 per cent confidence 
limits, figures representing the outer 
limits of the possible deviation from 
the standard. The values given show 
good correlation between the arithmetic 
mean and the geometric mean. The 
figures show no great deviation from 
the usually accepted standards with 
relatively minor deviations in the eal- 
cium and the albumin which may be 
a bit low. But it must be kept in mind 
that these are figures for a very spe- 
cial group, that is, full-term normal 
breast-fed infants 5 days old. As the 
other age groups are investigated, these 
figures should take on added _ signifi- 
canee. 
DISCUSSION 

As indicated, the laboratory is pre- 
pared to do blood sugars and non- 
protein nitrogen on whole blood, potas- 
sium, sodium, calcium, phosphates, 
chlorides, bicarbonates, albumin, and 
globulin on blood serum as well as the 
incidental hemoglobin and hematocrit 
readings of packed red cells. The 
methods were worked out and stand- 
ardized by Dr. Merle Lewis, the details 
of which are now in the process of 
publication. Following Dr. Lewis’ 
original work, the determinations re- 
ported in this paper were worked out 
by Mrs. Helen Himes Armstrong. 


METHOD 


Blood was gathered from these in- 
fants by puncturing the heel with a 
No. 11 Bard-Parker sealpel blade, after 
using pure and unadulterated 70 per 
cent ethanol as cleansing and steriliz- 
ing agent. The first drop of blood 
was discarded by wiping it away with 
sterile cotton. The blood usually flows 
freely in the normal baby. Oceasion- 
ally the leg has to be milked but never 
the heel. Blood glucose, nonprotein 


nitrogen, and hemoglobins are done on 
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whole blood by drawing 0.02 ml. into 
recalibrated hemoglobin pipettes and 
rinsing them immediately into the 
proper diluting media at the bedside. 
The determinations to be done on serum 
are collected in standard, commercially 
obtainable, capillary melting point 
tubes, 1.5 to 2.0 mm. in diameter by 
100 mm. long. These tubes are held 
in a horizontal position and one end 
touched to the drop of oozing blood. 
They fill readily by capillary action. 
These are stored horizontally in a test 
tube for transportation back to the 
laboratory where one end is sealed with 
ordinary wax from a burning candle. 
Serum is collected, after centrifuging 
for about ten minutes, by breaking the 
tube at the junction of serum and clot, 
drawing off the serum into the hemo- 
globin pipette and then transferring 
the measured serum to the proper dilut- 
ing medium. Each determination re- 
quires betwen 0.05 and 0.02 ml. of 
serum. Tubes will hold about 0.1 ml. 
when full. In a normal baby 0.05 ml. 
of serum or the maximum for any one 
determination can be obtained from a 
single tube. In newborn babies or 
badly dehydrated babies, the serum 
percentage is less and so more tubes 
are required. About twelve tubes, 
amounting to about 1.2 to 1.3 ml., are 
needed for a complete determination. 


CONCLUSION 


Determinations of the serum bicar- 
bonate, chloride, phosphate, sodium, 
potassium, calcium, albumin, globulin, 
blood sugar, nonprotein nitrogen, 
hemoglobin, and hematocrit on forty 
newborn full-term (2,500 grams or 
over) 5-day-old infants are reported 
using microchemical techniques. The 
arithmetic and geometric means are 
given together with plus or minus two 
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standard deviations and 95 per cent 
confidence limits. The determinations 
are to be used as the standards for this 
group at the Angeles County 
Hospital. 


Los 


ADDENDUM 


Basie methods and principles used in 
the determinations are as follows: 


Serum bicarbonate: To a dilute ali- 
quot of serum is added a measured 
amount of acid of known strength. 
The acid reacts with the serum biear- 
bonate, and the CO, thus formed is 
removed from the solution in a partial 
vacuum. The remaining acid which 
has not been used up to liberate the 
CO, from the bicarbonate is titrated 
with the standard base, using a pH 
meter to carry the titration to an end 
point corresponding to the pH of the 
original serum. 

Serum chlorides: Serum is shaken 
with an acid protein precipitant plus a 
small amount of relatively insoluble 
silver iodate, forming the even more 
insoluble silver chloride. After centri- 
fuging, an aliquot of the clear super- 
added to a_ solution of 
potassium iodide. The iodate which 
has been displaced by chloride releases 
iodine from the potassium iodide. The 
resulting color is measured in a photo- 
eleetrie colorimeter and compared to 
that produced by a standard chloride 
solution. 


natant is 


Serum sodium and potassium: An 
appropriate dilution of serum is pre- 
pared, using trichloracetie acid to pre- 
cipitate the protein and _ isopropyl 
aleohol to aid in keeping the small- 
bored burner of the flame photometer 
open. <A standard solution of sodium 
and potassium is prepared with the 
same proportions of trichloracetie acid 
and aleohol. A Beckman Model B 
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spectrophotometer with flame attach- 
ment is used to measure the flame in- 
tensities of both the serum filtrate and 
the standard solutions. The concentra- 
tion of sodium and potassium of the 
serum filtrate is determined by compar- 
ing its flame intensity with that of the 
standard. This method at present has 
been discarded for a direct reading 
method, using a standard electronic 
set up for sodium and another for 
potassium. 

Serum calcium: The serum calcium 
is precipitated as the oxalate, and the 
precipitate is washed once to remove 
the magnesium in the traces of the 
supernatant fluid left on the precipi- 


tate. The precipitated calcium is then 
dissolved in an excess of standard 


versene solution, buffered to a pH of 
around 10.0 to 10.5. The versene which 
has not reacted with the calcium in the 
precipitate is back titrated with a 
standard calcium solution. 

Serum inorganic phosphates: A pro- 
tein-free filtrate of serum is prepared, 
using trichloracetic acid as the pre- 
cipitant. An aliquot of filtrate is 
treated with ascorbic acid and ammo- 
nium molybdate. The phosphomolyb- 
date color so formed is intensified and 
stabilized by a carefully controlled and 
timed period of heating in boiling 
water. The color is compared in a 
photoelectric colorimeter with that 
formed by a similarly treated standard 
phosphate solution. 

Serum globulin and albumin: The 
serum globulins are precipitated with 
22.5 per cent sodium sulfate. After 


shaking with ether followed by cen- 
trifugation, the precipitated globulins 
form a mat at the interface between 
the salt and the ether layers. Without 
disturbing the globulin mat, the bottom 
layer containing the serum albumin is 


| 
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drawn off and saved for protein anal- 
ysis. The remaining globulin precipi- 
tate is dissolved in water. Suitable 
aliquot parts of both albumin and glob- 
ulin solutions are treated with a dilute 
copper sulfate solution, followed by 
dilute Folin-Ciocalteau reagent. The 
Folin reagent reacts with the phenol 
group, such as tyrosine, in the protein 
molecule to form a color which is 
rendered more intense and probably 
more specific by the dilute copper 
reagent. The intensity of the color is 
measured in the photoelectric colorim- 
eter and the readings converted to 
values for albumin and globulin by 
means of a faetor. The factor is ob- 
tained by comparing colorimeter read- 
ings for albumin and globulin fractions 
of pooled sera with the protein values 
for identical sera fractions as deter- 
mined by microchemical Kjeldahl de- 
terminations. 

Hemoglobin: Fresh blood is laked 
in a dilute solution of ammonium 
hydroxide. A photoelectric colorimeter 
is used to determine the optical density 
of the sample in a selected wave length 
range. Oxyhemoglobin content is then 
caleulated by using a previously deter- 
mined factor. 


Blood nonprotein nitrogen: <A pro- 


tein-free filtrate of blood is prepared, 
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using cadmium hydroxide to bind the 
reactive sulfhydryl groups. An ali- 
quot of this filtrate is treated with an 
alkaline hypobromite solution which 
reacts with the amino groups. This 
reagent contains boric acid to prevent 
the CHO groups of glucose from react- 
ing with the bromide. An addition of 
potassium iodide followed by acidifica- 
tion, the remaining bromide, which has 
not been used to replace this amino 
group, releases the iodine from the 
potassium iodine. The resulting color 
is measured in a photoelectric colorim- 
eter and compared with that pro- 
duced by a similarly treated ammonium 
sulfate standard. 

Blood glucose: <A_ protein-free fil- 
trate of whole blood is prepared using 
cadminum hydroxide to bind the non- 
glucose reducing substances. An ali- 
quot of this filtrate is heated with alka- 
line potassium ferrocyanide, which is 
reduced by the glucose. The ferro- 
cyanide thus produced forms a color 
complex, Prussian blue, on the addi- 
tion of ferric iron in the form of ferric 
ammonium sulfate; the blue color is 
compared with that of a standard glu- 
cose solution treated in the same 
manner as the blood. 

The technical assistance of Mrs. Helen 


Himes Armstrong and Mrs. Mary Silverman 
is gratefully acknowledged. 


CLINICAL AND LABORATORY EVALUATION OF ACETYLSULFISOX- 
AZOLE (ACETYL-GANTRISIN) IN CHILDREN 


Sumner Hacuer, M.D., AvNer KaurMan, M.D., EvizaBetH Kaiser, Px.D., 
Mo.uiy LILLIEN, AND HELEN 
Los ANGELES, CALIF. 


CETYL-GANTRISIN® is the N’- 

acetyl derivative of Gantrisin 
(sulfisoxazole). The effectiveness of 
sulfisoxazole and its relative freedom 
from toxicity have made it a sulfon- 
amide of choice. However, in sus- 
pension its bitter taste and aftertaste 
have been difficult to mask. Recently, 
an acetyl derivative has become avail- 
able. The suspension forms of this 
compound have an excellent and very 
acceptable taste, and it is therefore 
much easier to give to children. 


The purpose of this study was there- 
fore to evaluate the clinical effective- 
ness and toxicity of this new form of 
sulfisoxazole in suspension and to de- 
termine the influence of dosage and 
the time intervals between doses upon 
its concentration in the blood and 
urine of children. 


The formula of acetylsulfisoxazole is: 
CH, 


| 
—— 
H,N 
Sulfisoxazole 


From the Kunstadter Laboratories for 
Pediatric Research, and the Sarah Morris 
a for Children of Michael Reese Hos- 
pital. 

*Made available for this study by Dr. M. 
Hoffmann-La Roche, Inc., Nutley, 
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The formula of sulfisoxazole is: 


CH, 


| 
C 


— —— 
= 
HN € CH, 
|O__N 


| 
CH, 


N’-Acetylsulfisoxazole 


As is well known, one of the major 
problems in sulfonamide therapy is 
erystalluria and hematuria. Sulfi- 
soxazole became the routine sulfon- 
amide in many clinies following the 
demonstration by Svee and associates’ 
of the high solubility of this drug even 
in acid urine. Numerous _ investi- 
gators'* have reported the absence of 
renal complications. Thus Yow* in 
1,000 eases treated with sulfisoxazole 
noted the incidence of microscopic 
erystalluria to be only 0.2 per cent 
and of microscopic hematuria to be 
only 0.3 per cent. In no instance was 
there gross hematuria or erystalluria 
due to this drug. 

To avoid complications due to less 
soluble sulfonamides, such as sulfadia- 
zine, sulfamerazine, sulfamethazine, 
and sulfacetimide, various mixtures of 
these compounds have been advo- 
eated.’ However, the value of mix- 
tures of sulfonamides has been serious- 
ly challenged by the studies of 


j 
| 
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Schweinberg and Rutenberg.* In vitro 
sensitivity tests showed that an addi- 
tive or potentiating effect of mixtures 
occurred with only twenty-one of the 
seventy strains of bacteria tested; 
nineteen of these twenty-one were 
gram-positive cocci. Twenty-seven per 
cent of gram-positive cocci and 95 per 
cent of gram-negative bacilli were less 
sensitive to mixtures than to single 
sulfonamides. Individual strains may 
be less, equally, or more susceptible to 
mixtures than to the single com- 
ponents of the mixtures on a weight- 
for-weight basis. Weinstein and 
Murphy® reported that sulfonamide 
mixtures reduced the sensitivity rela- 
tive to the single sulfonamides of 
gram-positive organisms as well as 
gram-negative organisms. 
Therapeutically, sulfisoxazole has 
been found to be comparable to sulfa- 
diazine in the treatment of gram- 
negative and gram-positive infections. 
Sarnoff and co-workers'® demonstrated 
the value of sulfisoxazole in urinary 
infections caused by Bacillus proteus. 
Later Carroll and associates,’ Narins,° 
and Rhoads and collaborators’? found 
sulfisoxazole to be the drug of choice 
for this organism. Sulfisoxazole has 
been reported to be effective in uri- 
nary infections due to Escherichia 
and to Aerobacter aero- 
genes.’ It is moderately effective 
in infections due to the paracolon 
bacilli’ and to the hemolytie strepto- 
coeci.’? It is often ineffective in in- 
fections due to Streptococcus fecalis, 
Pseudomonas aeruginosa," and 
Staphylococcus aureus or albus.” 
Lepper and associatest and Rhoads and 
associates'' found sulfisoxazole to be 
an effective agent in meningococcal 
meningitis. The drug is effective in 
pneumonia*® due to pneumococei, beta- 
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hemolytic streptococci, and Hemo- 
philus influenzae. 

In vitro studies and also in vivo 
studies in mice show that acetyl- 
sulfisoxazole has antibacterial activity 
against streptococci, pneumococci, 
staphylococei, Esch. coli and Eber- 
thella typhosa that is comparable to 
sulfisoxazole itself. No lethal dose has 
been reached in experiments thus far, 
although doses as high as 10 Gm. per 
kilogram have been given. Chronic 
feeding observations in animals indi- 
cate that acetylsulfisoxazole resembles 
sulfisoxazole with respect to freedom 
from intratubular erystallization and 
subsequent renal damage.'® 

In a series of 570 patients treated 
with acetylsulfisoxazole, only twenty- 
four instances of side reactions were 
reported.’*'"* Nausea and vomiting 
were noted nine times, ‘‘gastrie up- 
set’’ nine times, and drug rash six 
times. Administration of the drug to 
a group of seventy adults for as long 
as six weeks failed to reveal any 
untoward effect on the blood, liver, or 
kidneys. No urine abnormalities were 
noted at any time. 


MATERIAL AND METHODS 


raspberry-flavored aqueous sus- 
pension of acetylsulfisoxazole contain- 
ing 0.593 Gm. per 5 ml. was used. 
This was calculated to be the molecu- 
lar equivalent of 500 mg. per cent 
sulfisoxazole.* Twenty-nine children 
who were convalescing from minor ail- 
ments not involving the _ gastro- 
intestinal or renal systems were the 
first subjects of study. The concen- 
trations obtained in their blood and 
urine were determined. Oxalated 
capillary blood specimens were ob- 
tained from the fingers. Determi- 
nations of sulfisoxazole in blood and 


*From data supplied by manufacturer. 
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urine were performed using the 
method of Bratton and Marshall*® 
modified for 0.2 ml. of blood. 

A group of seventy-nine children 
who were acutely or subacutely ill 
with a variety of infections (mostly 
upper respiratory) were treated with 
this drug. To the first fifty patients an 
initial dosage of 0.05 Gm. per kilo- 
gram was given, and then 0.15 Gm. 
per kilogram was given daily in di- 
vided doses every four hours. The 
next fourteen patients received 0.1 
(im. per kilogram initially and 0.2 
(im. per kilogram in divided doses 
every six hours. The remaining fifteen 
patients were infants under 2 years 


7.0 at four hours, 7.9 at six hours, 
6.5 at eight hours, and 4.5 at 12 hours. 
Thus the levels rise gradually to a 
peak at the six-hour interval and fall 
off slowly. Considerable drug is still 
present in the blood at twelve hours. 
The levels are significantly higher with 
the larger dose. 

Table II gives the blood levels re- 
sulting from repeated administration 
of different doses and the influence of 
two different time intervals. With 
0.30 Gm. per kilogram per day given 
in six divided doses, blood levels at 
the end of four-hour period (i.e., just 
before another dose) ranged between 
4.3 and 11.2 mg. per cent (average, 


TABLE I, BLoop LEVELS AFTER A SINGLE DOSE OF ACETYLSULFISOXAZOLE 
(Tora SuLFONAMIDE—MG. Per CENT) 


[AGE | WEIGHT | DOSE 


TIME, AFTER DOSE (HR. ) 


suBJEcT | (yr. ) | | (GM./KG.) | 1 | 4 | 6 | 8 | 
RR 40 0.05 2.4 3.0 3.6 3.2 
D.F 9 33 0.05 5.0 6.3 7.3 5.5 _ 
B. M 7 26 0.05 1.2 3.0 2.6 3.0 is 
6 22 0.10 5.0 6.3 7.3 5.5 
A. R. 5 18 0.10 3.0 9.2 11.5 6.5 5.0 
cP. 3% 3 0.10 2.4 72 5.5 4.5 3.0 
H. R. 9 26 0.10 3.0 5.0 6.0 7.8 6.5 
H.S. 4 19 0.10 - a 7.4 5.5 4.7 
J. W. 12 51 0.10 “ 9.6 9.0 3.3 


of age who were given 0.4 Gm. per 
kilogram daily in divided doses every 
six hours. Only patients who had not 
had antibiotic therapy for their ill- 
ness were admitted to the study. Re- 
sponse was considered to be good if 
the patient became afebrile and rela- 
tively asymptomatie within twenty- 
four hours after the drug was started. 


ABSORPTION AND EXCRETION STUDIES 


When children were given 0.05 Gm. 
per kilogram (Table I), the average 
levels of total sulfonamide in milli- 
grams per cent were 2.9 at one hour, 
4.1 at four hours, 4.5 at six hours, 
and 3.9 at eight hours. With a single 
dose of 0.10 Gm. per kilogram, the 
average levels were 3.5 at one hour, 


7.7). When 0.20 Gm. per kilogram per 
day in four divided doses was given, 
the levels at the end of six-hour 
periods (i.e., just before another dose) 
ranged between 5.8 and 7.4 mg. per 
cent (average, 6.7). At twenty-four 
hours after the first dose, with the in- 
crease in daily dose from 0.20 to 0.30 
(im. per kilogram, higher blood levels 
were obtained. One of the children 
was given 0.30 Gm. per kilogram per 
day divided into six doses per day for 
eight days. Four hours after the last 
dose, his blood level was 9.5 mg. per 
cent, suggesting that there was no 
cumulative effect. 

Observations on free and total sul- 
fonamide are given in Table III and 
indicate that an average of 16.5 per 
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cent of the drug is in the blood in the 
conjugated form with a wide range 
of 0 to 41.8 per cent. 


TABLE III. Bioop LEVELS or FREE AND Con- 
JUGATED SULFONAMIDE 


TOTAL | FREE CON- 
(MG, PER | (MG. PER | JUGATED 

SUBJECT CENT ) CENT) | (PER CENT) 
D. B. 5.2 4.0 23.1 
10.0 8.0 20.0 
4.3 3.8 11.6 
8.5 7.8 8.2 
M. G. 4.6 3.6 21.7 
5.0 4.6 8.0 
6.2 5.7 8.1 
A. A, 4.4 3.0 31.8 
R. P. 8.8 8.4 4.6 
11.0 6.4 41,8 
8.0 8.0 0.0 
9.2 9.2 0.0 
R. B. 17.6 12.2 30.7 
G. W. 6.0 5.6 6.7 
5.4 4.9 9.3 

7A 4.6 37 8 > 
Average 16.5 
Range 0-41.8 


The drug was given to two chil- 
dren in equally divided doses at six- 
hour intervals, making a total of 0.2 
Gm. per kilogram per twenty-four 
hours. Beginning twenty-four hours 
after the first dose, urine was collected 
during a_ twenty-four-hour period 
while administration of the drug was 
continued. The urine was analyzed 
for free and total sulfonamide (Table 
IV). The average free sulfonamide 
concentration in the urine was 163 mg. 
per cent, with 57 per cent of the drug 
in the conjugated form. 

Table V shows the results of com- 
parative blood level studies with sulfi- 
soxazole and acetylsulfisoxazole made 
on fifteen children. An initial dose of 
0.1 Gm. per kilogram orally was 
followed by a maintenance dose of 0.3 
Gm, per kilogram per day in divided 
doses given every six hours. Blood 
specimens were drawn one hour and 


TABLE IV. Urine LEVELS OF ACETYLSULFI- 
SOXAZOLE (AFTER 24 Hours or 0.2 GM. PER 
KILoGRAM DaILy aT Srx-Hour INTERVALS) 


TOTAL FREE 
SULFONA-| SULFONA-| VOLUME | ACETYLA- 
MIDE MIDE OF TION 
SUB- | (MG. PER| (MG. PER| URINE (PER 
JECT | CENT) CENT) (ML. ) CENT) 
D. W. 350 158 650 55 
F. D. 400 168 545 58 


six hours after the third maintenance 
dose. The average level of free sulfon- 
amide with sulfisoxazole at one hour 
was 10.0 mg. per cent compared to 
5.6 mg. per cent with the same dosage 
of acetylsulfisoxazole at the same tine 
intervals. A similar relative difference 
was observed at the six-hour interval 
and in infants under 2 years of age 
and in children over 2 years of age. 


CLINICAL OBSERVATIONS 


Clinical observations were made on 
seventy-nine children (Table V1). 

In brief, sixty-eight recovered from 
their illness promptly and eleven had 
a poor or no response to therapy. 
Further details on these eleven pa- 
tients are as follows: six of the fail- 
ures were in patients with acute 
otitis media and/or tonsillitis. Throat 
cultures did not reveal any significant 
pathogens in these eases. All respond- 
ed well during subsequent adminis- 
tration of intramuscular procaine peni- 
cillin. One child who failed to 
respond to acetylsulfisoxazole had _ bi- 
laterally draining ears for 1 month 
caused by Ps. aeruginosa. This organ- 
ism is generally resistant to sulfon- 
amide, (Penicillin was also clinically 
ineffective.) One patient with 
bronchopneumonia who did not re- 
spond improved subsequently upon ad- 
ministration of intramuscular  pro- 
eaine penicillin. A urinary infection 
due to Esch. coli in a 7-year-old girl 
with urinary incontinence since birth 
associated with spina bifida did not 
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respond. Subsequent treatment with 
oxytetracyeline was also ineffective, 
although in vitro tests showed the 
organism to be sensitive to oxytetra- 
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hours later. Acetylsulfisoxazole was 
discontinued and intramuscular pro- 
caine penicillin therapy instituted, 
following which recovery was rapid. 


TABLE V. COMPARATIVE STUDIES OF BLOOD LEVELS WITH ACETYLSULFISOXAZOLE AND 
SULFISOXAZOLE (FREE SULFONAMIDE—MG. Per CENT) 
WEIGHT ACETYLSULFISOX AZOLE SULFISOXAZOLE 
SUBJECT AGE ( KG.) 1 | 6 HR. lur | 6 HR 
B. H. 2 mo. 3.0 4.3 3.9 5.4 5.8 
Bt. 4 mo. 7.0 3.3 4.5 9.0 5.6 
B.C. 5 mo. 3.0 7.0 4.2 e 14.4 
N. D. 3 mo, 4.5 10.8 7.2 13.3 10.1 
B. M. 4 mo 7.5 3.8 6.1 9.8 9.4 
B. R. 5 mo, 7.5 4.3 4.0 8.3 8.0 
B. 8. 5 mo. 8.0 6.0 6.9 16.8 11.3 
B. W. 13 mo. 10.0 4.5 4.9 6.5 7.2 
IN. 18 mo. 11.0 11.0 11.3 13.2 13.6 
T. A. 2 yr. 11.5 4.2 4.4 8.6 6.4 
B. T. 2 yr. 17.0 4.3 3.7 5.8 4.3 
H. B. 2 yr 17.0 4.1 8.2 9.4 3.6 
Cc. B. 3% yr 15.5 3.5 5.4 10.2 6.5 
M. K. 5 yr. 23.0 6.4 5.4 12.0 - 
W. 8. 6 yr. 23.0 7.0 5.4 12.0 5.3 
Group average 5.6 5.7 10.0 8.0 
0-6 mo. average 5.6 5.3 10.5 9.2 
0-18 mo, average 6.1 5.9 10.3 9.5 
2-6 yr. average 4.9 5.4 9.7 5.2 


TABLE VI. CLINICAL OBSERVATIONS ON SEVENTY-NINE PATIENTS TREATED WITH ACETYL- 
GANTRISIN 
NO. NO. GOOD NO. POOR 
DIAGNOSIS TREATED RESPONSES RESPONSES 

Tonsillitis and/or pharyngitis 36 34 2 
Searlet fever 1 1 0 
Otitis media, acute 7 6 1 
Otitis media, acute suppurative 1 1 0 
Otitis media, chronic suppurative 1 0 1 
Tonsillitis and acute otitis media 16 13 3 
Nasopharyngitis, acute 2 2 0 
Nasopharyngitis and bronchitis, acute 2 2 0 
Bronchitis, acute 1 1 0 
Bronchitis and bronchial asthma 3 3 0 
Laryngotracheobronchitis 1 1 0 
Bronchopneumonia 5 4 1 
Pyelonephritis, chronic 1 0 1 
Miscellaneous 2 0 2 
Total cases 79 68 11 
eyeline. One child was treated for TOXICITY 


an acute otitis media associated with 
a stomatitis. After persistence of fever 
for forty-eight hours, intramuscular 
procaine penicillin was substituted 
with prompt recovery. Finally a child 
with bronchopneumonia appeared to 
respond initially, but a cellulitis of 
the upper lip developed twenty-four 


Of the total of seventy-nine cases, 
there was only one instance of possible 
toxie reaction. This occurred in a 
3-year-old boy with tonsillitis and 
pyelonephritis with a temperature of 
102° F. He was given 0.05 Gm. per 
kilogram initially followed by 0.15 
Gm. per kilogram in six divided doses 
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per day. Eighteen hours after the 
drug was started, persistent vomiting 
and anorexia developed. A morbilli- 
form rash appeared over the entire 
body except the face. In addition, 
there was a confluent erythematous 
blush of the palms, soles of the feet 
and toes, and lower abdomen. The 
conjunectivae were inflamed. There 
was no cough and there were no 
Koplik spots. The fever, vomiting, 
and rash subsided promptly when the 
drug was discontinued. In none of 
the eases, even with the largest dosage, 
was there any evidence of disturbance 
of the blood and no evidence of renal 
irritation, erystalluria, or hematuria. 
DISCUSSION 

The data on blood levels indicate 
that acetylsulfisoxazole is absorbed and 
excreted more slowly than sulfi- 
soxazole, Peak levels are usually 
reached at six hours after a single 
dose compared to four hours with 
sulfisoxazole. The levels with the 
same dosage are relatively lower and 
more prolonged with acetylsulfi- 
soxazole than those reported with simi- 
lar doses of sulfisoxazole.* 

Optimum minimum levels for elini- 
eal effectiveness are not known exact- 
lv. <As with antibioties, the relation 
between blood level and elinieal ef- 
feetiveness may be poor in many situ- 
ations. Rhoads co-workers”° 
found an average level of 9.4 mg. per 
cent sulfisoxazole to be effective in the 
treatment of meningococeal meningitis. 
He employed doses up to 3 to 4 Gm. 
intravenously as the initial dosage in 
the children in his series. In such 
eases, it is probably wise to attain 
such levels initially by intravenous ad- 
ministration and subsequently to use 
the larger oral dose (i.e., 0.3 Gm. per 
kilogram daily for maintenance). 


The therapeutic results indicate that 
the new suspension of acetylsulfi- 
soxazole is a useful drug in the treat- 
ment of common infections in infants 
and children, particularly where the 
older suspension of sulfisoxazole may 
be refused because of its taste. In this 
study all but eleven of the seventy- 
six patients treated had a good to 
excellent response. Bigler and 
Thomas® treated seventy-one children 
with otitis, tonsillitis, and pharyngitis, 
cervieal adenitis, bronchitis, broncho- 
pneumonia, lobar pneumonia, and uri- 
nary infections with sulfisoxazole with 
an excellent response in all but seven. 
Price and Hansen,”' in a similar series 
of eighty-two children, but including 
fifteen with diarrhea, noted an ex- 
cellent response to sulfisoxazole in all 
but nine. 

It appears, therefore, in this series 
that the clinical results with aecetyl- 
sulfisoxazole were comparable to those 
reported by others with sulfisoxazole. 


SUMMARY 


1. Blood levels were determined in 
twenty-seven children who were on 
various dosage sehedules of acetyl- 
sulfisoxazole. 

2. Effective blood levels can be 
achieved with 0.1 Gm. per kilogram as 
an initial dose and maintained with 
0.2 Gm. per kilogram daily in divided 
dosage every six hours. With equiva- 
lent dosage, the blood levels are some- 
what lower and more prolonged with 
acetylsulfisoxazole than those reported 
with sulfisoxazole. By inereasing the 
dose of acetyl sulfisoxazole to 0.3 Gm. 
per kilogram daily, blood levels were 
found to be in the range reported to 
be effective in meningococeus menin- 
gitis. 

3. Comparison of the free and total 
blood levels with acetylsulfisoxazole 
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cent exists in the conjugated form in 
the blood. About 56 per cent of the 
drug in the urine is conjugated. 

4. A series of seventy-nine children 
suffering from a variety of respiratory 
infections were treated with acetyl- 
sulfisoxazole as the sole therapeutic 
agent. Of these, sixty-eight were 
classified as well and required no other 
therapy. Eleven did not respond. 

5. Fever, vomiting, and a drug rash 
occurred together in only one patient. 
No evidence of blood or renal toxicity 
was observed. 

6. The particular advantage of 
acetylsulfisoxazole in suspension form 
is its almost universal acceptance by 
infants and children because of its 
excellent taste in the preparation 
available. 


We are indebted to Dr. B. M. Kagan, 
Director of Pediatric Research and Chairman 
of the Department of Pediatries, whose in- 
valuable advice and encouragement made this 
study possible. 
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A STUDY OF THE ASSOCIATION OF PRENATAL AND PARANATAL 
FACTORS WITH THE DEVELOPMENT OF TICS IN CHILDREN 


A PRELIMINARY INVESTIGATION 


BENJAMIN PAsAMANICK, M.D., CoLUMBus, OHIO, AND ALI Kawt, M.D., 
Mp. 


HE etiology of ties is obseure. Be- 

cause of the dramatic nature of the 
symptoms, ties have been extensively 
discussed and etiology assigned com- 
pletely to organic factors, to psycho- 
logie factors, or to various combina- 
tions of these.’ 

In a series of studies we have in- 
vestigated the association of some pre- 
natal and paranatal factors with the 
development of various neuropsychi- 
atrie disorders of childhood. Since the 
complications of pregnaney and deliv- 
ery and prematurity are highly asso- 
ciated with fetal and neonatal mortal- 
ity we hypothesized that a lesser degree 
of injury might produce a living in- 
fant who would develop a number of 
neuropsychiatric disorders, depending 
upon the severity, type, or location of 
the insult, and that this could be de- 
seribed as a continuum of reprodue- 
tive casualty extending all the way 
from death to minimal cerebral dam- 
age resulting in minor behavioral dys- 
function.” 
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Thus far cerebral palsy,* epilepsy,* ° 
mental deficieney,* * childhood behav- 
ior disorder,*’® and reading disorders" 
have been found to be associated sig- 
nificantly with complications of preg- 
naney and prematurity. Speech dis- 
orders do not have this association.’ 
It is of interest that we have found the 
nonmechanical abnormalities such as 
toxemias and bleeding during the last 
trimester of pregnancy to be the most 
frequent complications implicated. 
These are conditions more likely to re- 
sult in prolonged low oxygen levels 
and perhaps cause more damage than 
short-lived anoxie states or difficult 
and prolonged deliveries. 

A number of clinical observations in- 
dicate that cerebral injury might be 
implicated in the development of some 
ties in children. Ties have, for in- 
stance, been described as sequelae of 
epidemic encephalitis with involvement 
of the basal ganglia. Children with 
ties are frequently described as being 
hyperactive. We have found in our 
study of childhood behavior disorders 
that the hyperactive, confused, and dis- 
organized child is the most likely to 
have one or more complications of 
pregnancy or prematurity in his back- 
ground. Basal ganglionic damage has 
also been described as a cause of hyper- 
kinesis. Finally, ties oceur more often 
in boys than girls. In every condition 


il 


PASAMANICK AND KAWI: 


we have studied so far, where a positive 
association between prenatal and para- 
natal abnormalities was found, males 
predominated. In speech disorders 
where no association was found, there 
was no sex difference in incidence of 
the disorder. Males appear to be more 
liable to injury during the prenatal 
and paranatal periods. For these rea- 
sons it seemed of interest to investi- 
gate the hypothesis that ties in chil- 
dren might be one of the constituents 
of the postulated continuum of repro- 
ductive casualty. 


METHOD OF STUDY 


The records of all children born 
sinee 1926 of normal intelligence and 
diagnosed as tiqueurs at the Children’s 
Psychiatrie Clinie of the Harriet Lane 
Home, Johns Hopkins Hospital, were 
searched for names and identifying in- 
formation. Obstetrical records of chil- 
dren born before 1932 were difficult 
to secure and when located were found 
not to have the desired information. 
The children were all under 14 years 
of age, the maximum age for admis- 
sion to the Clinie. 

The birth register maintained by the 
Bureau of Vital Records of the Balti- 
more City Health Department was 
then searched for the birth certificates 
of these children. As a control series 
of births with which the tie cases could 
be compared, the next birth reported 
from the same place of birth as the 
tiqueur, matched by race, sex, and ma- 
ternal age group, was selected. The 
maternal age groups used were the 
following: under 20, 20 to 24, 25 to 29, 
30 to 34, 35 and over. If the matched 


control had died during the neonatal 
period as determined either from the 
birth certificate or from the hospital 
record, this birth was omitted from 
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the control series and the next birth 
with the characteristics noted above 
was selected. This was done since there 
was no chance that ties would manifest 
themselves in a child dying during the 
neonatal period. Such a child should 
not, therefore, be considered as a con- 
trol whose prenatal and paranatal ex- 
periences could be compared with a 
child who had survived the neonatal 
period and later developed tics. From 
the birth certificate the following in- 
formation was obtained on each tic 
ease and its matched control: place of 
birth, maternal age, total number of 
previous pregnancies, number of pre- 
vious infants born alive and now liv- 
ing, the number born alive and now 
dead, and number born dead. 

In those instances where the tiqueur 
and his matched control were born in a 
hospital, the following information 
concerning the pregnancy and delivery 
was abstracted from the hospital ree- 
ord: total number of previous preg- 
nancies of the mothers, members of 
previous abortions, previous stillbirths, 
previous premature births, previous 
neonatal deaths, length of labor, com- 
plications of pregnancy and _ labor, 
operative procedures, birth weight, and 
the condition of the child during the 
neonatal period. The person obtain- 
ing this information from the hospital 
record was not informed whether the 
birth was that of a tie case or a con- 
trol child. The hospital records did 
not contain information concerning the 
abnormalities studied on a small num- 
ber of both cases and controls. The 
size of these groups differed depending 
on the specific abnormality, resulting 
in some variation in the totals pre- 
sented in this report. 

Birth certificates were located for 
eighty-three children with tics. Of 
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these 51, or 61 per cent, were born in 
hospitals, thereby reducing to this 
number those eases upon whom in- 
formation concerning complications of 
pregnancy, delivery, and prematurity 
was available. 

One might question the reliability 
of inferences drawn from eases of ties 
that were obtained from a clinie pop- 
ulation and that consequently might be 
expeeted to have an overrepresentation 
of persons in lower income groups. It 
was possible to examine this point by 
utilizing census tract information 
which permitted the grouping of the 
cases into various economic categories. 


report can therefore only be regarded 
as preliminary and indicating trends. 
Additional similar studies in other 
clinies, if done in a comparable fash- 
ion, could then be added to these cases 
for adequate analysis. 

Sixty-five of the 83 cases, or 78 per 
cent, were males. Seven of the cases 
were Negro boys, the remainder being 
white. 

A comparison of the various compli- 
cations of pregnancy and parturition 
that had occurred among mothers of 
the tiqueurs and the matched controls 
is presented in Table I. A total of 
twenty-one complications occurred 


TABLE [. Speciric COMPLICATIONS OF PREGNANCY AMONG MOTHERS OF CHILDREN WITH Tics 
AND THEIR MATCHED CONTROLS 


MATERNAL COMPLICATIONS | CASES | CONTROLS 
Pre-eclampsia and eclampsia 2 1 
Hypertensive disease and nephritis 1 0 
Pyelitis 2 0 
Bleeding during pregnancy and labor (cause not specified ) 5 1 
Nonpuerperal complications* 5 2 
Placenta previa 0 0 
Premature separation of placenta 0 0 
Prolapse and anomalies of cord 0 0 
hee presentation 1 1 
Malpresentation other than breeeh 0 3 
Contracted pelvis and other dystocia 2 2 
Miscellaneous puerperal complicationst 3 0 
Total number of complications 21 10 
Number of individuals on whom information was available 51 51 


*Nonpuerperal complications include diseases associated with, but not related to, pregnancy. 
*+Miscellaneous puerperal complications include genitourinary diseases and hydramnios. 


The children with ties and their 
matched controls were essentially sim- 
ilar with respect to their socioeconomic 
status. 
RESULTS 

It is unfortunate that only eighty- 
three children with ties could be found 
born in Baltimore. Ties are among 
the less common neuropsychiatric dis- 
orders of childhood, and only an ae- 
tive clinie such as that at Harriet Lane 
could accumulate even this number. 
Interpretations drawn from the rela- 
tively small number presented in this 


among the eases as contrasted to ten 
in the controls, a difference which is 
significant at the 5 per cent level of 
confidence. 

Since many mothers have more than 
one complication, a frequency distribu- 
tion of children according to the num- 
ber of maternal complications — is 
presented for these groups in Table II. 
We note that for the tie eases the per- 
centage of mothers with one or more 
complications is 33.3, as compared with 
17.6 for the controls, and with two or 
more complications is 7.8 as compared 
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with 2.0 in the controls. These differ- 
ences are in the expected direction 
although not statistically significant, 
probably because of the small numbers 
involved. 

In view of the previously observed 
relationships of prematurity with the 
other neuropsychiatric disorders 
studied, and because of the ob- 
servations that premature infants are 
more susceptible to anoxia, a compar- 
ison of the prevalence of prematurity 


TABLE II. 
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information coneerning the need for 
oxygen. It is generally accepted that 
such conditions are underreported on 
the hospital record, except for the more 
severe forms. There were four reports 
of neonatal abnormality in the cases 
and two among the controls. Again 
the numbers are too smail for deter- 
mination of any trends. 

Since these neonatal abnormalities 
and prematurity are both associated 
with each other as well as with ma- 


FREQUENCY OF COMPLICATIONS OF PREGNANCY AMONG MOTHERS OF CHILDREN 
With Tics AND AMONG MOTHERS OF THEIR MATCHED CONTROLS 


NUMBER OF MATERNAL CASES CONTROLS 
COMPLICATIONS NO % NO. % 
0 34 66.7 42 82.4 
1 13 25.4 8 15.7 
2 4 7.8 1 2.0 
Total 51 100.0 51 100.0 
Number having one or more 17 33.3 9 17.6 
complications 


TABLE IIT. 


FREQUENCY OF VARIOUS ABNORMALITIES OF PRENATAL AND PARANATAL PERIODS 


AMONG TIC AND CONTROL BIRTHS 


| CASES | CONTROLS 
NO % NO % 
Total with one or more maternal complica- 
tions of pregnancy 17 33.3 9 17.6 
Total premature births without maternal 
complications 1 2.0 3 5.9 
Total with abnormal conditions during 
neonatal period without prematurity or 
maternal complications 1 2.0 1 2.0 
Total with abnormalities of prenatal and 
parinatal periods 19 37.3 13 25.5 
Total number of children 51 _ 51 —_ 


among the cases of ties with the con- 
trols was made. There was somewhat 
less prematurity among the cases 
(four) than among the controls (six), 
although this difference is, of course, 
not significant. 

From the hospital records informa- 
tion was obtained concerning the status 
of the infant during the neonatal 
period. Infant abnormalities that were 
considered were convulsions, cyanosis, 
and asphyxia. Corroboration of the 


clinical impressions was obtained by 


ternal complications, we thought it 
desirable to summarize the prenatal 
and paranatal factors presented by dis- 
regarding the overlapping that occurs 
between these conditions. Thus, we 
would consider only those children who 
were exposed to one or more complica- 
tions, prematurity without maternal 
complications, and neonatal abnormal- 
ities without either maternal complica- 
tions or prematurity. We would then 
obtain an estimate of the total fre- 
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queney of abnormal prenatal and para- 
natal factors in each of our groups. 
Such a compilation is presented in 
Table IIT. In our tie group 37.3 per 
cent have been exposed to one or more 
of these abnormalities as contrasted to 
25.5 per cent of the controls. The 
difference between cases and controls 
is of an order quite similar to those 
of our other studies, but the small num- 
bers involved make definitive evalua- 
tion impossible. 

It was possible to compare the group 
of tiqueurs with the controls with re- 
gard to duration of labor and the types 
of operative procedures performed at 
time of delivery of these children. No 
essential differences were noted. There 
was nothing noteworthy in the previ- 
ous infant loss suffered by the mothers 
of the patients or in the maternal age 
distribution, nor in the birth order of 
the patients. 

DISCUSSION 

As stated previously, because of the 
small number of childhood ties seen 
even in a large clinic, the eonelusions 
drawn in this preliminary report must 
be tentative. The findings that the 
children with ties were more often boys 
and that their mothers had a greater 
number of complications of pregnancy 
suggest that ties are a condition whieh 
might be added to the list of neuro- 
psychiatric disorders included in the 
continuum of reproductive casualties. 
This possibility is strengthened by the 
clinical observations that ties ean be 
found as sequelae of known’ organic 
cerebral insult and that ties seem to 
occur in hyperactive children, another 
symptom frequently associated with 
brain injury. 


However, there are a number of 
limitations, other than the small num- 


ber of eases, which must be placed upon 
any conclusions drawn here, no matter 
how tentative. In the first place, the 
full continuum of reproductive cas- 
ualty was not found in this investiga- 
tion. Prematurity and neonatal ab- 
normalities were not present and this 
tends to cast some doubt upon the wis- 
dom of including ties as one of the con- 
ditions in the continuum. Further it 
must be apparent that this type of 
retrospective study may offer only 
associated findings rather than etio- 
logical relationships. An anterospec- 
tive study, beginning with one or more 
of the prenatal and paranatal complica- 
tions and following the offspring to 
determine the risk of developing the 
neuropsychiatric disorder under con- 
sideration would be necessary for more 
definitive conclusions."* 

Nevertheless, it would appear that 
the concept of a continuum of repro- 
ductive casualty is a most useful one 
for investigating the possibility that 
brain damage ineurred during the 
prenatal and paranatal periods may 
have caused sufficient insult to result 
in one or more of a number of neuro- 
psyehiatrie disorders of childhood. 
These conditions, of which ties may be 
one, ean no longer be regarded as dis- 
tinet clinical entities but rather as syn- 
dromes or symptom complexes. One 
probable cause of these is organic brain 
damage, manifested, depending upon 
the degree and area of injury, by cere- 
bral palsy, mental deficiency, epilepsy, 
behavior disorder, reading disability, 
and possibly even ties. 

The concept of a continuum also 
indicates an area within which lies the 
possibility of prevention of some of 
these exeeedingly vexing neuropsy- 
chiatrie disorders. Efforts must be 
directed toward the eradication of ma- 
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ternal and fetal abnormalities since 
these not only influence infant loss but 
appear to have an effect on the sur- 
viving infant. 

In the ease of ties during childhood 
it still remains to be demonstrated 
whether or not they should be con- 
sidered a member of the continuum dis- 
cussed. This report is offered with the 
hope that it may stimulate the neces- 
sary additional similar studies. 


SUMMARY 


The hospital records of children with 
ties showed significantly more com- 
plications of pregnaney than did a 
similar number of matched controls. 
There were also a preponderance of 
males as was found in other neuro- 
psychiatrie disorders present in a 
hypothesized continuum of reprodue- 
tive casualty, consisting of brain dam- 
age incurred during the prenatal and 
paranatal periods as a result of ab- 
normalities during these periods, lead- 
ing to a gradient of injury extending 
from fetal and neonatal death through 
cerebral palsy, epilepsy, mental defi- 
ciency, reading disability, and behavior 
disorder. However, owing to the small 
number of eases, and to finding no 
greater incidence of prematurity or 
neonatal abnormality in the patients 
only additional similar studies ean in- 
dicate whether or not childhood ties 
should be included in the continuum. 
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Wirt COMMENT By C, GorDON CAMERON, M.D., 
F.R.CLP.(C.) 


T HAS been shown that the mem- 

branes lining the alveoli in hyaline 
membrane premature in- 
contains a substance reacting 
strongly with the benzidine-nitro- 
prusside-peroxide and Nadi reagents, 
and it was intimated that this sub- 
stance probably possessed a metallo- 
porphyrin nucleus in its structure.’ 
Subsequently it was demonstrated that 
the substance in question was an iron- 
porphyrin compound, and it was posi- 
tively identified as a hemoglobin by 
analysis of its 
At the same time 
certain aspects of experimental hyaline 
membrane disease were discussed and 
it was pointed out that when animals 
are placed in continuous high oxygen 
tension atmospheres and _ sacrificed 
after varying times in such environ- 
ment, it becomes apparent that the 
animals sicken long before any strue- 
tural changes become evident in their 
lungs, and that metabolie effeets in the 
form of fall in the pH of the blood 
toward acidotie levels, coincident fall 
in carbon-dioxide-combining power of 
the plasma* and appearance of ketone 


disease of 
fants 


microspect roscopic 
hemochromogen.* 


From The Department of Pathology, The 


General Hespital. 
*See summary. 
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bodies in the urine precede membrane 
formation, which itself is a terminal 
phenomenon. It was emphasized also 
that edema always precedes membrane 
formation, and that both edema and 
membrane of the experimental disease 
react with the Lepehne-Pickworth and 
Nadi techniques as we have shown the 
membrane of the natural disease to do. 
The experimental work set forth below 
was designed to define the nature, ex- 
tent, and etiology of the metabolic 
changes which apparently lead to the 
development of hyaline membrane 
formation in the lungs. 


METHODS AND MATERIALS 


Biochemical Methods.— 

Blood pH: This was determined on 
freshly taken blood kept under neutral 
mineral oil at 37° C., using a Beck- 
man Model G pH meter and the hypo- 
dermie electrode. The pH meter was 
standardized at 37° C. with freshly 
made buffer. Determinations were 
made as soon as possible after the 
blood was obtained. 

Plasma CO,-Combining Power and 
Content: These were determined on 
plasma from heparinized blood kept 
under mineral oil, using the Van 
Slyke gasometrie technique. 

Potassium: This was determined on 
heparinized plasma or serum (often 
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on both!), using a dilution of 1:50 
with distilled water (checked for 
sodium and potassium contamination ) 
and the EEL flame photometer. 
Standard solutions were stored in 
polythene bottles. 


Calcium: The ealeium was de- 
termined on serum by the method of 
Kramer and Tisdall.*. The stock N/10 
potassium permanganate solution was 
checked against N/10 sodium oxalate 
solution. In most instances 2 ml. of 
serum was used, but occasionally only 
1 ml. was available. 


Phosphate: This was determined on 
serum: 0.1 ml. serum (separated as 
soon as possible after obtaining blood) 
was added to 4.9 ml. of 5 per cent 
trichloroacetic acid, well mixed, and 
allowed to stand overnight. After 
centrifuging, 2 ml. of the supernatant 
was diluted with 3 ml. distilled water 
and treated with acid ammonium 
molybdate and freshly made stannous 
chloride. The optical density of the 
blue color was read on a ‘‘Spectronic 
20°’ spectrophotometer at 660 milli- 
microns against a reagent blank and 
the phosphate value determined by 
reference to a calibration curve made 
with known phosphate solutions and 
checked at intervals with known phos- 
phate solution estimations. In view 
of the possible source of error in using 
phosphate-containing heparin,’ all 
phosphate estimations were made on 
serum after rabbit (R.) 7 in Table I. 
In the case of R. 7 the first determi- 
nation was made on _ heparinized 
plasma, the second pre-experimental 
estimation of phosphate being made 
on serum. 

Red Blood Cell Potassium: This was 
estimated on the packed red blood cell 
column in Wintrobe-pattern hema- 
toerit tubes after thirty minutes’ 
centrifuging at 3,000 r.p.m. One-tenth 
milliliter of the packed red blood cells 
was washed out into distilled water, 
allowed to lake completely, and made 
up to 100 ml. with distilled water. 
The potassium was estimated on the 
EEL flame photometer, using special 
standard solutions. 
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Urine pH: The urine pH was de- 
termined with the B. D. H. ‘‘Capil- 
lator’’ using phenol red and methyl 
red indicators. 


Urine Potassium: This was esti- 
mated with the EEL flame photometer, 
using a 1:1,000 dilution of urine in 
distilled water and special standards. 


Heart and Pectoral Muscle Po- 
tassium and Phosphate: Only the ven- 
tricular portions of the hearts were 
used. These, and the pectoral muscles, 
were removed immediately after death 
(often while still beating!); all fat 
and connective tissue were removed, 
and all blood wiped off with dry tissue 
paper. The muscles were then coarsely 
chopped, placed in separate sealed, 
chemically clean, glass bottles and im- 
mediately frozen. On the next day 
they were finely chopped, each with a 
new scalpel blade, each in a separate, 
chemically clean porcelain dish. They 
were then dried for four hours over 
boiling water, after which they were 
allowed to stand overnight over eal- 
cium chloride in a vacuum desiccator 
under high vacuum. On the next day 
the dry material was finely ground in 
an agate mortar and again left over- 
night in the desiccator under high 
vacuum. After removing from the 
desiccator, the powder was again 
ground in the mortar; 0.5 Gm. was 
weighed out as quickly as possible, 
ground up in small amounts of dis- 
tilled water, and transferred quanti- 
tatively to a 100 ml. volumetric flask 
with about 50 ml. distilled water. This 
was left to extract overnight at room 
temperature, with occasional shaking, 
and on the next day was made to 
volume with distilled water. After 
vigorous mixing, an aliquot was cen- 
trifuged, and the clear supernatant 
was diluted 1:10 with distilled water 
in a volumetric flask. Potassium was 
determined on this final dilution with 
the EEL flame photometer. 


Phosphate was determined on the 
supernatant after centrifuging the 


aliquot of the 0.5 Gm. in 100 ml. 
extract, using the same technique as 
for serum phosphate except that 0.5 
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nl. of supernatant was used, and the 
necessary changes made in the caleu- 
lation of phosphorus values as given 
by the calibration curve. 

Carbonic Anhydrase Activity of 
Red Blood Cells: This was measured 
hy a modification of the method given 
by Sumner and Somers,® the text 
error of including NaOH in the sub- 
strate being, of course, corrected. 
Two-tenths milliliter of hematoerit- 
spun red blood cells was laked in 1.8 
ml. of distilled water and the whole 
well mixed. Two-tenths milliliter of 
this was placed in the side arm of a 
Warburg reaction vessel with 0.5 ml. 
of each of the stock buffers. Then 2 
ml. of the bicarbonate solution was 
placed in the reaction chamber. The 
vessel was then stoppered and equi- 
librated at room temperature (23° 
(.). Mixing was then accomplished, 
an interval timer simultaneously 
started, and gentle agitation of the 
vessel earried out for 2 minutes, at 
the end of which time the gas evolved 
was read on the attached manometer 
as centimeters of distilled water. 


Red Blood Cell Fragility: All salt 
dilutions were prepared in bulk by 
volumetric dilution of a 1 per cent 
NaCl solution made up from a stock 
25 per cent solution prepared from 
pure dried NaCl. This ensured a con- 
stanecy of dilutions throughout the ex- 
perimental series. Since it was our 
purpose to discover any changes in the 
osmotie resistance of the erythrocytes 
as they existed within the animals’ 
bodies, the blood was not oxygenated 
after withdrawal. Immediately after 
withdrawal through a wide-bore needle 
into a heparinized syringe, a drop of 
blood was expressed into each of the 
tubes containing 1 ml. each of saline 
dilutions 0.32-0.64. Each tube was 
immediately inverted once, and this 
inversion was repeated 10 minutes 
later. After a further 10 minutes the 
tubes were centrifuged for 3 minutes 
at 2.000 r.p.m., after which readings 
were taken visually. 

Animal Experiments: White rats 
and guinea pigs were placed in pairs 


in large, wide-mouth, pickle-type glass 
jars. Oxygen was led in through a 
wide-bore, flexible anesthetic tube 
through a central hole in the metal 
serew cap. The end of the tube 
reached to within 1 inch of the bottom 
of the jar, and waste gases escaped 
through peripheral perforations in the 
metal cap. To the pairs of guinea 
pigs and rats oxygen was delivered at 
3 to 6 liters per minute. Blood, ob- 
tained by cardiae puncture from the 
animals, showed considerable fall in 
pH and elevation of potassium after 
36 to 48 hours. However, it was diffi- 
cult to obtain blood with ease, in 
sufficient quantities, or without some 
hemolysis. It was therefore decided 
to use rabbits. For these a cubical 
wooden box of 18 inch sides with open 
top was made. Oxygen was led in 
through a %%-ineh diameter tube at 
one corner just above floor level of the 
box, henee through a %-inch bore 
heavy rubber tube 3% feet in length. 
This tube was coiled around the 
periphery of the floor of the box, its 
open end was clamped, and its wall 
was punetured (1 to 2 mm. holes) 
irregularly as regards its cireum- 
ference at 4-inch intervals. A sheet 
of heavy plate glass closed the top 
of the box, which had a %-ineh di- 
ameter hole on each side 1 inch from 
the top. Rabbits were placed in the 
box in pairs, and at the conclusion 
of each experiment the box was 
thoroughly washed with soap and 
water, then swabbed with 70 per cent 
ethyl aleohol, and dried before the 
next pair of animals were placed in 
it. In most eases pre-experimental 
values were obtained on the rabbits 
by withdrawal of blood from the mar- 
ginal ear vein. By this method 5 to 
8 ml. of blood was easily obtained, 
and we learned to avoid any hemolysis 
by inserting the No. 20 gauge needle 
against the direction of blood flow in 
the vein. For electrocardiograms the 
animals’ legs and chests were closely 
shorn. Four to eight days after the 
pre-experimental bleeding the animals 
were placed in pairs in the box, into 
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which oxygen was piped at 4 to 7 
liters per minute. The lower rates 
were used during the night so as to 
avoid death during this period. The 
rates of flow varied within these limits 
for the different pairs of animals so 
that quantitative comparisons on a 
time basis are not possible. Also, R. 
19 received oxygen at 7 liters per 
minute for the first 24 hours and at 
10 liters per minute for the terminal 
25 hours, and was alone in the box. 
Fresh greens and moist bran—corn- 
meal mash were supplied each day, 
though food was rarely touched by 
the animals after the first 24 hours. 

The animals were sacrificed at vary- 
ing intervals. For this, most were 
subjected to light ether anesthesia and 
blood withdrawn as quickly as possible 
from the heart. From our experience 
with rats and guinea pigs we had 
learned that animals with advanced 
dyspnea and eyanosis usually died on 
the slightest struggle, and, according- 
ly, the severely distressed rabbits were 
not anesthetized but bled quickly by 
cardiae puncture, fore and hind limbs 
being held firmly in extension by one 
of us. 


Vagotomy: The technique of bi- 
lateral mid-cervical vagotomy was 
practiced first on rats and guinea 
pigs. In rats it was found to be ex- 
tremely difficult because of the thick 
ribbon muscles covering the structures 
in the neck. It proved extremely easy 
in guinea pigs, and we learned to 
complete the whole operation in 10 to 
15 minutes. It was later found to be 
quite easy in rabbits. In all animals 
light ether anesthesia was used. 


Electrocardiograms: For these the 
Sanborn Viso-Cardiette was used. Be- 
cause of the rapid heart action it was 
felt that interpretation might be made 
easier by using a faster paper speed, 
and C. G. Winton kindly made avail- 
able to us a Sanborn Twin-Beam 
Cardioseope. We tried this machine 
on three animals at triple speed, i.e., 
75 mm. per second. However, in the 
later stages of the experiments muscle 
tremor obseured all finer points in the 
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tracings, and it was decided to revert 
to the Viso-Cardiette. Wherever 
possible the three limb leads and also 
aV,, and chest lead 1 with 
the chest electrode over the apex beat 
were recorded. 


RESULTS AND FINDINGS 


(A) Oxygen Group.—Of 16 animals 
(Table I) exposed continuously to 
high oxygen tension, three died 
during nighttime and the autopsies 
showed gross pulmonary edema and 
hyaline membrane formation. Of the 
remaining thirteen rabbits, the pH of 
the blood fell drastically in all except 
R. 18, in whieh it remained un- 
changed, The plasma potassium was 
elevated at the time of sacrifice in all 
animals (the high pre-experimental 
values in animals 1, 2, and 3 were 
attributable to hemolysis—as the sec- 
ond determinations in both animals 
1 and 2 clearly show). In many ani- 
mals the potassium level at death was 
almost double the pre-experimental 
value: in R. 7 it was more than 
double. In the nine animals where 
both pre-experimental and _ sacrifice 
values are available for comparison, 
the inorganie phosphate of the serum 
was elevated in all and markedly so 
in at least four animals. There ap- 
pears from Table I also that the 
serum calcium values tended to rise 
during the experiments, though the 
ealeium study in this group is not 
adequate for analysis. The CO,-com- 
bining power showed, at most, only a 
slight tendeney to fall. Values for 
sodium were noted early in the series 
to show no significant variation, and 
study of this element was not pur- 
sued. There was an obvious dimi- 
nution in red blood cell resistance to 
hemolysis in hypotonic saline solutions. 
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Correlation of the above findings with 
the gross (and microscopic!) appear- 
ance of the lungs revealed a rather 


-fall in pH, elevation of potassium, 


phosphate, and ealeium with increased 
fragility are seen (Table II), but are 


all the more dramatie because of the 


striking parallelism between the bio- 
short time in which they occurred. 


chemical and morphological states. 


TABLE III 
GROSS 
NATURE K. (MG./ | Na (MG./ —PO, POST- 
ANIMAL Or DURATION pH OF 100 ML. 100 ML. | (MG./100 | MORTEM 
NO. EXPT. IN HR. BLOOD BLOOD) BLOOD) ML. ) LUNGS 
G. P. 2 Vagot. 2% si 13.2 2% 
6. P. 3 Vagot. 25; o 47.5 308.3 12.4 2-3 
G. P. 4 Vagot. 2 * 47.6 314.0 8.0 3 
a. B.S Vagot.: O, 7 . 62.4 312.0 7.25 4 
Novocain 24 39.0 304.0 8.5 0 
ce Vagot.: O, 74% S.* 47.3 305.0 12.3 4 
L.C.; BR. V 348 7.24 24.9 % 
G. P. 10 Vagot. 4144 8. 7.28 21.9 1 
G. P. 11 Vagot. 5% S 32.7 3% 
G. P. 12) L.andR.C. 44% 8 7.32 20.4 0 
ZY. 58 7.4 20.7 % 
G. P. 14 None 8s. 7.41 16.2 0 
G. P. 15 None Ss. 7.43 21.5 0 


Explanation of Table: In animals G. P. 2 to 5 inclusive, blood was taken by cardiac punc- 
ture as the animals were judged to be dying. The others were sacrificed before this state 
was reached. G. P. 14 and 15 were normal animals bled by cardiac puncture. Vagot., Bi- 
lateral vagotomy (mid-cervical); L, left; R, right; C, carotid sinus denervated. Vagot:O: = 
animals placed in high tension oxygen atmosphere immediately after vagotomy. For G. P. 6 
see text. 

*S, Sacrificed. 


TABLE [V 
ANIMAL NO. 
G. P.: GUINEA PIG Na (MG./100 | K (MG./100 ROTHERA’S TEST 
R.: RABBIT URINE pH ML. URINE) ML. URINE) 0-4 PLUS 
3 7.9 117.0 800 1 
G. P. 2 6.0 % 
G. P. 3 5.5 % 
G. P. 4 5.8 5.0 630 1 
G. 5.9 52.4 492 
G. P. 7 6.5 212.0 43 “ 
P. 5.7 9.9 558 
R. 1 5.5 25.5 420 1 
R. 3 5.5 5.5 484 1 
R. 4 5.1 60.0 400 1 
R. 5 5.3 19.7 450 % 
R. 6 5.1 28.2 562 % 
R. 7 5.1 61.0 370 % 
R. 8 5.5 155.0 424 % 
R. 11 6.9 18.1 905 0 
R. 17 (Pre-expt.) 6.0 1.35 303 0 
R. 16 (Pre-expt.) 5.5 3.0 615 0 
R. 16 (2nd pre-expt.) 5.1 4.65 426 0 


Again the CO, findings reveal no sig- 
nificant change. There is a fair cor- 
relation between the gross findings in 
the lungs and biochemical changes. 


Vagotomized Rabbits—In the nine 
animals vagotomized (bilateral mid- 
cervical), the findings are similar to 
those of the oxygen group. The same 
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Vagotomized Guinea Pigs.—In the 
seven pigs submitted to bilateral mid- 
cervical vagotomy the findings (Table 
III) are exactly similar to those al- 
ready enumerated—at any rate in 
respect to the limited aspects capable 
of study in the smaller animals. 

Urines (Table IV ).—At first glance 
there appears to be a tendency to 
slight fall in pIl and inereased ex- 
cretion of potassium. The normal 
values given for R. 16 and R. 17 show 
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ders were usually filled and often 
distended). 

Electrocardiograms.— 

A. Oxygen Group: Electrocardio- 
grams were recorded on eleven rabbits 
before and during exposure to high 
coneentrations of oxygen. In eight 
animals there were changes in the di- 
rection of the QRS complex and T 
waves during exposure to oxygen, and 
in six of these (R. 5, 6, 7, 8, 16, and 
17) there developed a patttern closely 


Fig. 1.—Rabbit 5, pre-experimental, Lead I. 


Fig. 2.—Rabbit 5, pre-experimental, Lead III. 


Fig. 3.—Rabbit 5, §4% hours oxygen, Lead I. 


that these vegetarian animals normal- 
lv exerete urines low in sodium and 
high in potassium. However, it does 
appear that the experimental animals 
tended to relatively high potassium 
exeretion. The presence of  sub- 
stanee(s) reacting with Rothera’s re- 
agent was reasonably consistent, but 
it never amounted to any great 
amount. In these experiments the 


urines were obtained from the blad- 
ders at the time of sacrifice (the blad- 


resembling the picture of left ven- 
tricular preponderance as seen in the 
electrocardiogram of the human being. 
This was best seen after 48 to 60 
hours’ exposure to oxygen, and was 
not seen in tracings taken under 30 
hours. In five animals there developed 
late in the experiment (R. 4, 8, 13, 16, 
and 17 at between 47 and 70 hours) 
a rapid irregularity of the base line 
which is interpreted as representing 
somatie tremor. A marked sinus 
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arrhythmia developed in one animal 
(R. 5 at 67 hours). In four rabbits, 
after 60 to 71 hours of oxygen ex- 
posure, the amplitude of the QRS 
complex decreased markedly: in two 
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B. Vagotomized Group: In R. 10 
and R. 11 electrocardiograms were 
taken before and at 4 hours (R. 10), 
immediately postoperation and at 14% 
and 434 hours (R. 11) after vagot- 


Fig. 4.—Rabbit 5, 54% hours oxygen, Lead III. 


Fig. 5.—Rabbit 5, 


67% hours oxygen, Lead I. 


Fig. 6.—Rabbit 5, 67% 


hours oxygen, Lead III. 


Fig. 8. 


Fig. 7.—Rabbit 13, 60 hours oxygen, Lead I. 
Fig. 8.—Rabbit 13, 60 hours oxygen, Lead III. 5 


of these, earlier electrocardiograms 
taken at 47 and 55 hours’ exposure 
show increased QRS amplitude, but 
in the other two, earlier tracings are 
not available at these times. 


) Showing low voltage and 
somatic tremor. 


omy. In R. 10 at 4 hours after oper- 
ation Lead 1 showed a deep Q wave 
and negative T wave. The tracings 
of this animal also showed that sinus 
arrhythmia had developed and that 


|| 
Fig. 7. 
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Fig. 19.—Rabbit 15, under ether anesthesia, Lead III. 


Fig. 11.—Rabbit 15, immediately after cutting left vagus, Lead I. 


Fig. 12.—Rabbit 15, immediately after cutting left vagus, Lead 


-Rabbit 15, just after second vagus cut, Lead IIL. 


Fig. 15.—Rabbit 15, 3 hours after vagotomy, Lead I. 
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r Fig. 9.—Rabbit 15, under ether anesthesia, Lead I. 
: Fig. 13.—Rabbit 15, just after second vagus cut, Lead I. 
Pig. 1 4.— 
at 
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Fig. 20.—Rabbit 10, pre-experimental, Lead III. 


Fig. 21.—Rabbit 10, 4 hours after vagotomy, Lead I. 


Fig. 22.—Rabbit 10, 4 hours after vagotomy, Lead III. 
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Fig. 16.—Rabbit 15, 3 hours after vagotomy, Lead III. 
Fig. 17.—Rabbit 15, 5% hours after vagotomy, Lead I. 
Fig. 18.—Rabbit 15, 5% hours after vagotomy, Lead IIT. 
Fig. 19.—Rabbit 10, pre-experimental, Lead I. 

| 
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some T waves were high and peaked. 
In each of the tracings of R. 11 there 
is a change in amplitude and direction 
of the QRS complexes and T waves, 
but voltages remained generally un- 
changed and the tracing at 4°%4 hours 
after operation showed a tendency to 
left ventricular preponderance. 

In two rabbits (R. 14 and R. 15) 
electroecardiograms were recorded 
during the operation of vagotomy. In 
R. 14 the right vagus was cut first 
and at this point the ‘‘P’’ wave im- 
mediately became prominent. When 
the left vagus was cut, no further or 


the tracings of R. 15 had again 
changed and the electrocardiogram re- 
sembled the normal somewhat, while 
at 5% hours postoperatively, the 
voltages were generally lower, the S-T 
segment was depressed in all leads, 
and all T waves were inverted. 

R. 20 was placed in high oxygen 
atmosphere immediately after vagot- 
omy. Electrocardiograms of this ani- 
mal, made 434 hours after operation, 
showed low voltage with marked 
somatie tremor, There were recurring 
short runs of paroxysmal ventricular 
tachyeardia with pulsus alternans. In 


Fig. 23.—Rabbit 20, 4% hours in oxygen after vagotomy, Lead III. 


Fig. 24.—Rabbit 20, 4% hours in oxygen after vagotomy, aVr lead. 


additional change was noted. Trac- 
ings made 3 hours after vagotomy 
showed that marked somatie tremor 
had developed; voltages were gen- 
erally inereased and there was a 
change toward left axis deviation. In 
R. 15 the anesthetie alone changed the 
pattern of the QRS complexes and T 
waves. In this animal the left vagus 
was cut first and this occasioned 
another ehange in the pattern which 
in no way resembled the change pro- 
duced in R. 14 by eutting the right 
vagus first. Cutting of the right 
vagus in R. 15 eaused no further 
change. Three hours after operation 


most leads the S-T segments deviated 
from the base line, and T waves were 
negative. 

COMMENT 


Though the eleetrocardiograms of 
both the oxygen-treated and vagot- 
omized animals show gross changes 
from the normal pattern, it is difficult 
to detect any particular change com- 
mon to the two groups. However, this 
may be due to a comparative time 
difference in recording the tracings of 
the two groups, and in this connection 
it is to be noted that two of the elee- 
trocardiograms in the vagotomy group 
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did show some tendeney to left ven- 
tricular preponderance—albeit not a 
pronounced one. Whereas the cardio- 
grams of either group are not charac- 
teristic of hyperpotassemia or hyper- 
caleemia, the changes are not incom- 
patible with a complex electrolyte de- 
pletion. 
DISCUSSION 


We have already outlined the be- 
havioristie tendencies of experimental 
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shown by ourselves* confirmed in our 
minds the basie importance of the 
vagus in this disease. This conviction, 
coupled with the obvious metabolic 
effects of high oxygen tensions in ex- 
perimental animals, convineed us of 
the great likelihood that a common 
factor linked the vagi and _ these 
metabolic derangements. Our findings 
have fully justified our theoretical de- 
ductions, but, before we discuss the 


Fig. 25.—Rabbit 4, sacrificed after 51 hours in oxygen. 
grade 1% to 2 hyaline membrane formation. H & E; 


animals in high oxygen tension which 
led us to resume metabolie studies on 
these animals.“ At the same time the 
importance of the vagi in the genesis 
of both the natural and experimental 
disease was stressed. The essential 
role of the vagi was classically and 
beautifully demonstrated by Farber,” * 
and the enhancing effect of pilocarpine 
injections in the experimental pro- 
duction of the disease by oxygen as 


Lung showing grade 2%, edema and 
<300; reduced 4.) 
great unknown of neuroelectrolyte 
balance into which our quest has 
thrust us, it is fitting first to correlate 
the findings with hyaline membrane 
disease, both experimental and natu- 
ral, though the full correlation cannot 
be attained until we discuss the re- 
lationship between the nervous system 
and electrolytes. 

Consideration of the combined pH, 
electrolyte, and eleetrocardiographie 
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changes points to a type of cardiac 
failure which has hitherto, to our 
knowledge, not been appreciated. This 
eardiac failure we believe to be rela- 
tively terminal and rather dramatic 
or sudden in development. It is un- 
fortunate that we have been unable 
to follow electrocardiographie changes 
up to the point of death, and this is 
due to the fact that the slightest ex- 
ertion or struggle kills these animals 
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below that level necessary for the 
proper functioning of the ‘‘Marsh 
factor,’’”’ so that the muscle cannot 
properly relax, and, coincidentally, its 
phosphate metabolism is deranged. In 
an attempt to show that the heart 
failure was not due to high tissue- 
fluid potassium we injected intra- 
peritoneally into a guinea pig weigh- 
ing 295 grams and which had been 
in oxygen-rich atmosphere (O, at 4 


Fig. 26.—Guinea pig 5, placed in high oxygen tension atmosphere immediately after 
vagotomy, and sacrificed in agonal state 7 hours after operation. Lung showing grade 
to 4 hyaline membrane. (H & E; 300; reduced %.) 


in their last few hours. As the records 
show, it is not a high potassium fail- 
ure in the common sense; rather do 
we feel that it is a low potassium 
(and, possibly also, low phosphate) 
failure with reference to the myo- 
fibrils themselves. In the speculative 
field it may not be unreasonable to 
expect that it will eventually be shown 
that this failure results from a fall 
of potassium within the muscle cell 


liters per minute) for 4 hours, 2 ml. 
of a solution containing a total of 76 
mg. potassium chloride and 32 mg. of 
ealecium gluconate. The animal was 
immediately returned to its oxygen 
jar, and two hours later received by 
the same route 152 mg. KCl] and 128 
mg. Ca gluconate. The higher dose 
was again repeated in 22 hours. This 
animal never showed the _ slightest 
adverse effect in any way, and after 
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32 hours was removed from oxygen 
in a perfectly healthy state. Indeed, 
this potassium-caleium combination 
may be worth pursuing for its possible 
prophylactic effect in the experimental 
disease, not only by virtue of the 
single experiment noted above, but 
also by virtue of the fact that we have 
noticed that rats exposed to high 
oxygen tensions develop voracious 
appetites for greens, and will even eat 
bran—corn-meal mash in preference to 
their normal meat and bread diet 
when removed from the oxygen before 
they really become ill. 

The idea of cardiae failure under- 
lying hyaline membrane disease is not 
a new one. Farber*® considered it in 
relation to his vagotomy experiments, 
but concluded that it was a terminal 
event and not implicated in the es- 
sential mechanism. Miller and asso- 
ciates’® remarked on the large heart 
size of infants of diabetic mothers and 
blamed cardiae failure for the high 
neonatal mortality rate of such in- 
fants. Miller and co-workers" im- 
plied some connection between cardiac 
failure, edema, and hyaline membrane 
formation in the lungs, and said that 
there was always some edema present. 
On the other hand, Winter and 
Gellis’® could not admit a eardiae fail- 
ure factor. Recently, Lendrum™ has 
ably formulated an attractive hy- 
pothesis based on heart failure of 
physical strain type. However, our 
findings do not allow us to subscribe 
to this hypothesis, which does not 
explain the effects of oxygen or vagot- 
omy, though it may have some merit 
in explaining the initial onset of left 
heart strain in the premature new- 
born infant. 

Left ventricular strain is evidenced 
very clearly in the electrocardiograms 
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of some of our animals, and we be- 
live that it could have been shown 
to occur in all were electrocardiograms 
taken at closer intervals, for the 
metabolic changes tend to mask this 
left heart strain electrocardio- 
graphie records shortly after the ap- 
pearance of the left axis preponder- 
ance, which, we hope to show, has 
the same inciting cause as the meta- 
bolic changes. As the disease pro- 
gresses, a rather sudden onset of left 
heart failure oceurs. There are sev- 
eral reasons for this statement: (1) 
the animals, which are quiet and 
drowsy, and at most only slightly 
eyanosed up to 48 to 70 hours, sudden- 
ly become much worse, more eyanosed 
and dyspneic, and rales can be heard 
(and felt) in their chests for the first 
time; (2) sacrifice of many rats and 
guinea pigs, which had been in oxygen 
for varying times, has shown us that 
pulmonary edema is a terminal phe- 
nomenon occurring in the last 2 to 
12 hours; (3) vagotomized animals, 
though obviously ill at ease, fare rela- 
tively well until the last hour or even 
less, when cyanosis, bubbly chest, 
frothing at the nostrils, distress, and 
great weakness rather suddenly ap- 
pear; (4) biochemical changes in the 
blood also support this contention of 
a late heart failure. The electrolyte 
changes seen in Tables I and II are 
undoubtedly marked, but we feel that 
they would be markedly greater in the 
agonal stages, and the top part of 
Table III bears this out. The obvious 
objection will arise that these are 
terminal or agonal figures, but we sug- 
gest that these ‘‘agonal values’’ are 
not to be so lightly disposed of ; rather 
should they be considered as the eul- 
mination of an uncontrolled, one- 
sided biochemical chain reaction; (5) 
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the well-appreciated absence of signs 
of right heart failure in the natural 
disease are rightly taken in support 
of a relatively selective left heart fail- 
ure,’ but, having regard to the rapid- 
ity of development of the heart fail- 
ure, it is not possible to use these 
negative findings as proof of the 
absence of right heart failure. It is 
our opinion from our findings that 
in the natural experimental 
(oxygen and vagotomy) disease there 
is at first left heart strain, then flag- 
ging of the left heart, which manifests 


V. PuL_MONARY EDEMA FLUID 


dynamies, and sudden left heart fail- 
ure and cerebral trauma are probably 
the commonest causes of the condition. 
Our control investigations have shown 
us that both these types of pulmonary 
edema fluid contain fine granules 
which stain positively with the 
Lepehne-Pickworth and Nadi teeh- 
niques, and we have identified hemo- 
globin in many such edema fluids by 
spectroscopic techniques.’ Also, by 
chemical analysis of such fluids 
(Table V), and by electrophoretic 
analysis of them (on Whatman No. 3 


| TOTAL 
| | PROTEIN 

K (MG./ | Na (MG./,; —PO, (MG.| GM./100 | | BENZIDINE 

CASE* | pu 100 ML.) 100 ML.) | P/100 ML. ) | ML. | ALBUMIN | GLOBULIN | TEST 

A133/55 7.1 38.8 300.0 3 5.4 3.78 1.62 3 plus 

A135/55 44.6 124.0 3.5 4 plus 

A139/55: 

B: 41.6 306.3 12.6 Not done 
C: 50.2 310.4 12.15 4.8 2.95 1.85 Not done 


*A133/55 was a case of cerebral contusion occasioned by a fall downstairs 3 days before 
death in an 82-year-old man. Fluid was obtained by squeezing cut surface of lung. A135/55 
was a case of coronary thrombosis occurring on an area of massive atheroma in the anterior 
descending branch of the left artery in a man 33 years of age; the attack came on 3 hours 
before death. The fluid dripped from the cut surface of the lung without squeezing. A139/55 
was a case of acute nephrosis (probably ischemic rather than toxic) coming on after abortion 
in a 30-year-old woman, and having its onset 13 days before death. Anuria, ascites, and 
pulmonary edema developed—the latter two terminally just as the anuria was showing signs 
of clearing. The serum potassium was 24.5 mg. per 100 ml. on the day before death. Fluid 
“B" was obtained directly from the bronchus at autopsy (3 hours after death); fluid “C” was 
obtained from the cut surface of the lung after the intact lung had first been rapidly washed 
out by 600 ml. N saline run in through a cannula inserted into the pulmonary artery at a 
pressure of 70 cm. saline. 


itself relatively all the worse because 
of neurovascular reflex effects in the 
lungs, but, terminally, we believe that 
there is failure of the whole myo- 
eardium because of neurally econ- 
ditioned electrolyte and fuel loss from 
the musele. However, these aspects 
will be dealt with more fully as the 
discussion unfolds. 


For purposes of simple classifica- 
tion, the causes of acute pulmonary 
edema may be listed as cardiac, cere- 
bral, and peripheroneural (shock), but 
in the final analysis it boils down to a 
sudden change in pulmonary vaseular 


MM paper strips, using borate-barbi- 
tone buffer pH 8.6 and run 17 hours 
at 100 volts, total eurrent 3.5 mA.,, 
with suitable controls of diluted 
plasma, with and without addition of 
small amounts of hemolyzed eryth- 
roeytes), we have satisfied ourselves 
that these edema fluids are indis- 
tinguishable from slightly diluted, 
hemoglobin-containing plasmas. In- 
spection of Tables I and II shows 
that there is a significant decrease in 
the osmotic resistance of the red blood 
cells of the experimental animals at 
the time of sacrifice. This is probably 
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largely attributable to increased con- 
tent of earbon dioxide, of reduced 
hemoglobin and to the attendant elee- 
trolyte and acid-base balance within 
the cells. Theoretically, also, it could 
be partly due to gross alteration of 
electrolyte content of the cells, though 
the potassium values expressed in 
Table VI do not indicate any sig- 
nificant loss of potassium from the 
erythroeytes, though we are aware 
that more extensive assays are nec- 
essary to settle this point. It may be 
assumed that the increased fragility 
of the erythrocytes is due chiefly to 
the reduced state of their hemoglobin 
and increased carbhemoglobin content. 
The altered electrolyte balance and 
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original findings of a metalloporphy-— 
rin-like substanee,’:? later identified 
as hemoglobin,’ in the alveolar ductal 
and respiratory bronchiolar epitheli- 
um as well as in the membrane and 
edema fluid are properly interpreted 
as representing the products of this 
hemolysis evenly dispersed in the 
edema fluid by respiratory movements, 
some also entering the epithelia by 
diffusion. Condensation of the edema 
fluid by drying, and possibly also by 
fluid absorption, leads to formation of 
a membrane very rich in this hemo- 
globin. Should life be sustained for 
at least two to three days’® after the 
formation of edema and membrane, 
hemosiderin will begin to appear in 


TABLE VI. Rep Bioop CELL PoTASSIUM VALUES 
PRE-EXPTS. 
Rabbit 7 9 8 WwW 


R.B.C. K in mg./100 ml. R.B.C.s 


375 400 385 355 348 


400 


AT TIME OF SACRIFICE 


Rabbit 5 6 
R.B.C. K mg./100 ml. R.B.C.s 410 


388 356 


8 10 11 16 17 19 22 2 24 


250 372 365 372 #383 375 397 375 


pH of the plasma may, of course, be 
contributory factors. Widespread pul- 
monary vaseular dilatation, at least in 
the capillary bed, is one of the classi- 
eal features of hyaline membrane 
disease, and seattered red blood cells 
have been shown to be common in the 
membrane.":? It appears very prob- 
able that the pulmonary atonie eapil- 
lary dilatation or paralysis allows red 
corpuscles to pass through the delicate 
vascular walls and to enter the alveoli 
in great numbers. Here they appear 


to be rapidly lysed because of their 
diminished osmotie resistance, unusual 
environment, physical agitation caused 
by respiratory movements, and even 
conceivably with the aid of some such 
substance as cis-vaeeinie acid or other 
naturally occurring hemolysis."* 


Our 


the membrane. This appears to be 
one, if not the chief, mechanism of 
development of hemosiderosis in the 
lungs of patients with mitral stenosis.* 

Vagotomy Electrolytes.—Far- 
ber,’ in discussing what he ealled the 
‘*neuropathie pulmonary edema” 
which follows bilateral mid-cervical 
vagotomy, reviewed the voluminous 
literature on this type of nerve section 
and inclined to the view of Schiff that 
it results in a neuroparalytie pul- 
monary congestion due to loss of the 
synergistic tonic vasoconstrictor action 
of the vagosympathetie nerves. In his 
second study Farber* quotes the im- 
portant work of Ettinger and Hall, 
which suggests that the major vaso- 
constriction in the lung is effected by 
the vagus but that there is synergism 


between the vagus and the sympa- 
thetic in that the latter must produce 
a certain degree of tonus before the 
vagus ean produce its effect. Farber* 
implied that changes appeared in the 
guinea pigs’ lungs in about 30 minutes 
after vagotomy and that these changes 
(red petechiae) progressed by gradual 
enlargement to involve the whole 
lungs. We have observed such pe- 
techiae and small areas of hemorrhage 
in the lungs of guinea pigs killed at 1 
to 2 hours after vagotomy, but in such 
lungs we have been able to find little 
or no edema, which, from our observa- 
tions, appears later than the petechiae 
and, rather dramatically, becomes 
massive in the last 4% to 1 hour. From 
this it appears to us that there is a 
dual effect of bilateral vagotomy, viz., 
the immediate vascular effect in the 
lung bed leading to small hemorrhages 
and the later edema effect. 

The dramatie biochemical upset 
following bilateral mid-cervical vagot- 
omy, to our knowledge, has no prece- 
dent in the literature, and points con- 
clusively to a basie vagal or vago- 
sympathetic control of electrolytes and 
pH. Fall in pH, elevation of po- 
tassium, phosphate, and possibly also 
of calcium is seen in all nine rabbits 
subjected to this procedure (Table II), 
and is even more pronounced in some 
guinea pigs (Table III). As regards 
the calcium, we do not wish to stress 
any changes unduly because of the 
known variations of this element in 
rabbits,'® but the effeet of darkness in 
decreasing the inorganie phosphate of 
‘abbits’ favors our results in 
that our animals were in _ relative 
darkness during the experiments. In- 
deed, the rather mysterious effect of 
light and its absence on the caleium 
and phosphate of rabbits’ plasma as 
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shown by Brown’® may now be open 
to explanation on the basis of auto- 
nomie nervous system balance alter- 
ations, There is some precedent for 
this in retinogenie stimuli and the 
balance of the melanophore-expanding 
principle and adrenaline." 
Integration of Oxygen and Vagot- 
omy Effects.—It is widely accepted by 
physiologists that the earotid sinus 
and aortic chemoreceptors constitute 
the sole protection against anoxia, yet 
their sensitivity to oxygen is such that 
one would not expect them to respond 
to an increase of a possible maximum 
of 3 per cent saturation of arterial 
hemoglobin.** In a discussion of our 
findings with Drs. R. V. Chapple and 
H. O. Singher of Ortho Research 
Foundation, Dr. Singher suggested 
that some of the changes might be due 
to an alteration of the dissociation 
eurve of hemoglobin of the oxygen- 
treated animals. It is our feeling, 
however, that there is little basic 
change in the erythrocytes. Our 
values for red blood eell potassium 
tend to support this view (Table VI). 
Likewise, there appears to be no al- 
teration in the carbonie anhydrase aec- 
tivity of the erythrocytes. Also, 
though the blood at sacrifice in most 
animals is deeply cyanosed, it readily 
takes up oxygen when exposed to a 
stream of this gas. There appears, in 
addition, to be little significant change 
in the earbon-dioxide combining 
power or CO, content of the plasma. 
On the basis of these findings and 
other observations already mentioned, 
the cyanosis appears to be relatively 
late in onset, to be due at first to al- 
terations of plasma pH and electro- 
lytes preventing ready exchange of 
gases, and to be greatly inereased 
terminally due to the appearance of 
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pulmonary edema; and for the same 
reasons the metabolic changes encoun- 
tered do not appear to be concerned 
primarily with oxygen or carbon- 
dioxide carriage by hemoglobin. Some 
further indirect suport for this view is 
given by our finding that most guinea 
pigs, which normally die in 3 to 5 
hours after bilateral vagotomy, will, if 
placed in a high tension oxygen atmos- 
phere immediately after vagotomy, 
survive 6 to 8 hours. This effect ap- 
pears to be due to the extra oxygen 
made available to the tissues and 
heart. 

It has been shown by Schmidt and 
associates'* that the carotid sinuses 
and aortie chemoreceptors do not 
play a part in the control of res- 
piration under’ ordinary cireum- 
stances, and from the work of Cromer 
and Ivy"? (earotid sinus denervation) 
and of Dautrebande™ it is to be 
inferred that these chemoreceptors 
likewise do not affect or control 
metabolism, since dogs in which 
these receptors were denervated (both 
earotids and aortic in Dautrebande’s 
dog) were able to work normally 
afterward. From our R. 22 (Table 
II) this would not appear to be en- 
tirely so. This rabbit, which had both 
carotid sinuses denervated and both 
aortie branches of the vagi cut, re- 
covered quite well from the operation, 
proceeded to eat as usual, and ap- 
peared normal. At 71% hours after 
operation blood obtained from the ear 
vein gave normal values for pH, K, 
and PO,; yet, when the animal was 
sacrificed at 30 hours after operation 
these values had altered considerably, 
and the animal had become less lively 
and appeared to sicken in the 6 hours 
prior to sacrifice. We must consider, 


however, that this effect could have 
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been due to trauma to the vagi during 
operation. The same consideration 
must be given to R. 24, R. 25 (Table 
II) and to G. P. 9 and G. P. 12 
(Table IIT). In this respect G. P. 6 
(Table IIT) is interesting in that each 
vagus was simply infiltrated with 0.25 
ml. of 1 per cent Novocain. This 
animal developed the typical slow 
deep respiration immediately after in- 
filtration of the nerves, but this passed 
off in 20 minutes, and the animal ap- 
peared normal afterward. The greatly 
elevated serum K at sacrifice 24 hours 
later may again have been due to 
trauma and swelling of the nerve 
fibers. It is to be noted that this 
animal’s lungs were negative at autop- 
sy and that Farber® obtained with 
Novoeain infiltration the same results 
as vagotomy produced. This discrep- 
aney may, however, be due to degree 
of infiltration of the nerves. It is in- 
teresting that G. P. 13 (Table IIT), 
which had only the right vagus cut, 
showed no significant changes, and 
this is in keeping with Farber’s’ ob- 
servation that both vagi had to be cut 
to produce pulmonary edema. It is, 
however, obvious that larger series of 
more operable animals will have to be 
subjected to various combinations of 
vagal and aortie nerve sections, and 
carotid sinus denervations before it 
ean be definitely established which 
pathways subserve the electrolyte con- 
trolling functions. 

The effect of atropine on vagot- 
omized animals was investigated. Ex- 
periment 1: G. P. 2 (Table III), 
weight 325 grams, was given 1/1,000 
mg. atropine sulfate 15 minutes before 
vagotomy, and this dose was repeated 
2 hours later. Experiment 2: G. P. 
3, weight 350 grams, was given 1/300 
mg. atropine sulfate (subcutaneous in- 
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jection) 40 minutes before vagotomy, 
after which at 44-hour intervals it re- 
ceived 1/200 mg. for three doses. In 
neither animal did atropine have any 
effect on the course or result of the 
vagotomy. From this it was con- 
cluded that vagotomy did not produce 
its uniformly 100 per cent fatal re- 
sults by means of release of peripheral 
vagal effectors from central inhibition 
or control, and that vagotomy most 
likely acts by eutting off afferent 
stimuli to the respiratory center from 
the periphery. 

Larsell'* deseribed in the lungs 
sensory nerve endings which are be- 
lived capable of subserving a chemo- 
receptor funetion. Moore and 
Binger,"* in their excellent studies of 
the rapid respiration which follows 
pulmonary embolism, favored direct 
stimulation of pulmonary vagal nerve 
endings. The painstaking and beauti- 
ful experiments of Churchill and 
Cope’ confirm this view, and certain- 
ly are proof of the existence of presso- 
receptors in the pulmonary vaseular 
bed. Pi-Suner,?° who has long been 
an advocate of peripheral chemo- 
receptors active in the control of res- 
piration, postulates the existence of 
CO,-sensitive chemoreceptors in the 
lungs and points out that the carotid 
and aortic receptors are develop- 
mentally the oldest, being connected 
with gill respiration and not ideally 
situated for control in air-breathing 
animals. Our work would appear to 
support this hypothesis, but it appears 
to us that these chemoreceptors in the 
lungs must normally be activated by 
the balanee of oxygen and carbon 
dioxide in the alveoli: Two observa- 
tions have a direct bearing on this 
hypothesis of gas-balance activation of 


the pulmonary chemoreceptors, viz. : 
(1) In 1932 Farber and Wilson” 
made the significant observation that 
when rabbits are asphyxiated by plac- 
ing them in a sealed glass jar they 
show marked distress, and edema and 
some hyaline membrane develop in the 
lungs. When, however, soda lime is 
placed in the jar, the rabbits die with- 
out marked dyspnea, and no mem- 
brane is formed in their lungs. (2) 
Becker-Freyseng and Pichotka*® and 
Meesen** have produced experimental 
hyaline membrane disease by exposure 
of animals to high concentrations of 
carbon dioxide. These two observa- 
tions, coupled with the undisputed 
fact that oxygen leads to hyaline mem- 
brane formation strongly suggest that 
what counts in the development of the 
disease is a serious imbalance of the 
two gases in the inspired air. Alter- 
ation of this balance may be expected 
to alter the pattern of afferent stimuli 
to the respiratory center, and gross 
alteration (e.g., high O. or CO, ten- 
sion atmospheres) may so alter or 
even abolish the afferent stimuli that 
the center is ‘‘confused’’ or even iso- 
lated as by bilateral vagal section. 
This, I believe, may then lead to un- 
controlled efferent stimulatory im- 
pulses from the neighboring sympa- 
thetie center, while the anterior 
hypophysis may also be unleashed. As 
evidence of uncontrolled sympathetic 
action we have observed in both the 
oxygen and vagotomy groups of ani- 
mals: (1) marked vasoconstriction, 
easily seen in the ears of rabbits; (2) 
a shagginess of coat; (3) rapid heart 
rate and electrocardiographie evidence 
of left heart strain; (4) bulging of 
the eyes, seen especially in rats; also 
dilated pupils; (5) rigor mortis sets 
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in alomst immediately after death; 
(6) Despite the cyanosis the blood 
coagulates with remarkable rapidity ; 
(7) The animals’ stomachs are always 
distended and filled with food though 
all of the animals in oxygen have not 
eaten for 24 to 36 hours. Also, the 
bladders are usually distended at 
death or sacrifice. To this list may be 
added the universally accepted fact 
that in retrolental fibroplasia the first 
abnormality heralding danger is 
marked constriction of the retinal 
vessels.2* 2° We may add too, that 
in both vagotomy and oxygen groups 
of animals emphysema and _ bronchial 
dilatation are almost always present 
before edema appears in the lungs. 
It is accepted that epinephrine ap- 
pears to increase cardiae oxygen con- 
sumption and vigor of contraction 
without producing any inerease in the 
efficiency of the organ.” This, we 
feel, may yet prove to be due to the 
lack of proper relaxation by inter- 
ference with KCl and the ‘‘Marsh 
factor’’ of the myofibril. In the vagot- 
omized animals, in the area of vagal 
innervation, only sympathetic fibers 
remain, and it is natural to assume 
that the effects of direct and un- 
eheeked sympathetie stimulation 
would be first and most severely felt 
here. This would explain the rapidly 
fatal effects of vagotomy. However, 
since the vagi, even in man, may be 
cut below the diaphragm with ap- 
parently no ill effects, and in view of 
the fact that I have noted that bi- 
lateral midcervieal vagotomy will pro- 
duce hyaline membrane disease in 
guinea pigs and rabbits even if both 
right and left eardiae branches of the 
vagus are left intact, it is evident that 
it is the vagal fibers to the lungs that 
are of prime importance in the 


HYALINE MEMBRANE DISEASE 


623 


genesis of the disease. It is to be ex- 
pected that efferent sympathetic stim- 
ulatory effects will be felt by the 
tissues of the body generally, though 
probably to a lesser degree than by 
those in the area of vagal supply—at 
least in vagotomized animals. That 
these ‘‘known’’ effects of adrenaline 
should not be aecepted too uncritically 
may be demonstrated with some sue- 
cess. The experiments of Rous and 
Drury”? on ‘‘Outlying Acidosis Due to 
Functional Ischemia’’ lend uninten- 
tional support to our argument. These 
workers, using intraperitoneally in- 
jected phenol red as indicator, noted 
that the local pH change following 
neutral-reacting (as regards pH) 
epinephrine injection in rats’ skins 
lasted 2 hours. In their next experi- 
ment, when the Adrenalin was injected 
5 or more minutes before the phenol 
red, the pH color change became 
apparent in the Adrenalin-injected 
site in half an hour. Both effects were 
attributed to the vasoconstrictor ef- 
fects alone. To us an alternative, and 
perhaps more logical, interpretation 
would appear to be that the vaso- 
constrictor effects of Adrenalin passed 
off in each case in approximately half 
an hour and that the continuance of 
the pH color change was due to the 
local active metabolic acidosis pro- 
duced by Adrenalin, whose main action 
may yet prove to be removal of K and 
possibly —PO, from (muscle) cells so 
that their relaxation ceases, i.e., de- 
polarization. Such an action on the 
part of epinephrine would explain 
the Orbeli effect in muscle’ and may 
explain the sudden cardiae failure 
which may occur with pheochromocy- 
toma and in shock. It must not be 
forgotten that many, if not almost 
all, of the accepted effects of Adrenal- 


624 


in have been observed in man and 
animals with intaet parasympathetic 
nervous systems, which would tend to 
counter, modify, or minimize true 
epinephrine changes. Thus it is ac- 
cepted and recorded that Adrenalin 
produces ‘‘a fall, sometimes preceded 
by a rise, in the potassium of the 
blood.’""* It may, in fact, be nearer 
the truth to say that Adrenalin tends 
to elevate blood potassium, but that 
this effect is often obscured or even 
overbalanced by the counteraction of 
acetylcholine and the parasympathetic 
nervous system. Again, the insulin- 
opposing effects of Adrenalin in mobil- 
izing muscle and liver glycogen are 
not fundamentally understood, yet 
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immediately after arrival by train. 
They struggled violently, so that we 
gave up attempts to anesthetize them, 
and they were in a state of terror 
when we bled them by cardiae pune- 
ture. This may explain their some- 
what low pH, high potassiums and 
phosphates, and may be a factor to 
be considered in the bleeding of chil- 
dren for electrolyte balance studies. 
By contrast, we wish to draw attention 
to rabbits 32 and 33, which with ani- 
mals 28, 29, 30, and 31 were handled 
with studied gentleness and anes- 
thetized by injecting into their ear 
veins 0.3 to 0.5 grain Pentothal, and 
then bled by cardiae puncture. Also 
in favor of excessive Adrenalin effect 


TasLe VII. Rep BLoop CARBONIC ANHYDRASE ACTIVITY 


| | 2 | | 9 | | B 
Time of estimation s 36 hours Pre- Pre- 
in O, Expt. Expt. 
Carbonie anhydrase 9.75 7.3 8.9 8.5 7.8 8.9 8.8 


activity of 0.02 ml. 
R.B.C.s expressed in em. 
water 


*s At sacrifice. 


sugar metabolism in the body is asso- 
ciated with aetive changes in phos- 
phate and potassium."* The effects of 
epinephrine may also be enhanced in 
both experimental and natural hyaline 
membrane disease by its increasing 
the output of ACTH and gonadotropic 
hormones, which themselves have been 
shown to enhance the development of 
the experimental disease,** and which 
may lead to an aggravation of the 
electrolyte leak from the cells, and in- 
crease the water retention, which pre- 
mature infants are now realized com- 


monly to have.” Finally, we would 


direct attention to rabbits 26 and 27; 
these animals were used as controls 


was the finding that the blood sugars 
in experimental animals tended to be 
high above the fasting levels, but we 
have not done enough investigation in 
this matter for firm comment. 
Source of the Elevated Blood Con- 
stituents—We have already given 
our reasons for ruling out the eryth- 
rocytes as the source of the extra 
potassium in the serum, but an even 
stronger reason is the deduction from 
observed facts that behind all the 
changes is the neural element. We 
chose for this investigation the ven- 
tricular portions of the hearts of 
seventeen rabbits and the major pec- 
toral muscles of ten rabbits (Table 


| 

5 

| 
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VIII), hoping to show reduced po- 
tassium and phosphate content in the 
experimental animals as opposed to 
the controls. The results in the hearts 
of the 11 animals first investigated 
were slightly encouraging, having re- 
gard to the terrified state of R. 26 
and 27 at sacrifice. However, results 


in the last six animals destroyed this 
Nevertheless, certain observa- 


hope. 
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were followed. The only variable 
known to us is the fact that, whereas 
animals 16 to 27 were all mature ani- 
mals weighing 2,000 to 2,680 grams, 
animals 28 to 33 were all much 
younger animals weighing only 1,350 
to 1,800 grams. We ean find no data 
in the literature on these values at 
different ages. We noted that the 
heart museles of the test animals ap- 


Fig. 27.—Mrs. L., No. A 139/55. 


Lung showing organizing edema and membrane. Go- 


mori's iron stain showed fine scattered hemosiderin granules in the membrane. For further 


information see Table V. (H & E; X300; 
tions are justified. First, it is im- 
possible to estimate by this method 
the intracellular electrolytes, and the 
increase in the electrolyte content of 
interstitial fluid will tend to mask any 
decrease in intracellular constituents. 
Second, it is to be noted that the 
values for animals 28 to 33, at least 
as regard the hearts, are higher than 
the values for the preceding animals, 
though exactly the same techniques 


reduced 4.) 


peared abnormal even in the final, 
dried, powdered state, being much 
darker than those of control animals. 
Also, while we are unable to show 
quantitative changes in the K and 
-PO, contents of the hearts, there can 
be little doubt that the hearts of the 
experimental animals were function- 
ally failing. We have electrocardio- 
graphie evidence for this, and auscul- 
tation of the hearts of animals 28, 29, 
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30, and 31 revealed typical gallop 
rhythm terminally. However, we call 
to mind here the fact that sympa- 
thetic fibers do not supply the ven- 
tricles of the heart,?° and this may be 
the explanation why our studies do 
not show reduced K and —PO, values 
in the heart muscles. It may be that 
the auricular muscle is depleted of 
electrolytes and may contribute to the 
heart failure, though we think this 
unlikely. Our studies on the pectoral 
muscles have been equally ineonelus- 
ive, or even unrewarding. For all 
that, I am unable to eseape the con- 
viction that the K and —PO, come 
from muscle, and feel now that we 
chose the wrong muscles—that we 
should have studied the intestines. 
The elevated creatinine in animals 28, 
29, 30, and 31 support the idea of 
musele depletion indirectly, and tele- 
ologieally and from its nervous supply 
the intestinal muscle would seem to be 
the logical source of the potassium, 
phosphate, and creatinine. As to the 
ultimate chemical cause of the heart 
failure we can but guess. It may be 
a summation of effects such as gly- 
cogen depletion, lactic acid aecumula- 
tion in the presence of anoxia, ion- 
cation changes, and finally irreversible 
structural alteration of the myosin 
and actin molecules themselves. 

We were unable to find any altera- 
tion of significance in the blood non- 
protein nitrogen, serum proteins, or 
alkaline phosphatase levels of our ex- 
perimental animals. Crump and as- 
sociates®® have recorded increases in 
blood proteins and nonprotein nitro- 
gen in newborn premature infants 
breathing oxygen-enriched air for long 
periods. The objection that some of 


our findings may have been magnified 
by hemoconcentration must be enter- 
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tained, especially as this would tend 
to be masked by the pre-experimental 
bleeding. The hematocrit values for 
rabbits 19, 30, and 31 certainly show 
that hemoconcentration occurs in the 
oxygen group, but the values for 20, 
21, and 23 reveal that this is not a 
factor in the vagotomy series. In view 
of the absence of hemoconcentration in 
the vagotomized animals and of the 
gross degree of alteration of blood 
pH, K, and —POQ,, it is not considered 
that hemoconecentration offers any ob- 
stacle to our interpretations. Total 
fat estimations were carried out on a 
number of our animals in an effort to 
explain the presence of stainable neu- 
tral fat in the membrane.** Soxhlet 
extraction of 5 ml. quantities of sera 
from rabbits 19, 28, 29, 30, 31, 32, 33, 
and pooled sera of two groups (R. 16, 
17, 18, and 14, 20, 21, 23) gave values 
ranging from 16 to 68 mg. per 100 
ml., with the highest value of 112 mg. 
per 100 ml. for the pooled sera from 
R. 16, 17, and 18. Perhaps these re- 
sults might have been different in 
nonvegetarian animals, though we 
must agree with Farber and Wilson 
that the stainable fat in the membrane 
probably comes from serum and cells 
and is concentrated there by drying. 


CONCLUSIONS 


Both the natural and the experi- 
mental oxygen and vagotomy varieties 
of hyaline membrane disease appear 
basically to have a common etiology, 
which is perhaps best described as 
secondary shock. In the experimental 
oxygen and vagotomy varieties the 
initiating factor appears to be dis- 
turbance or abolition of the afferent 
vagal chemoreceptor impulses from the 
lungs. This seems to lead to uncon- 
trolled and unmodified general sym- 


a 
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pathetie stimulation and probably of 
the viscera and intestines in particu- 
lar, ie., shock. This leads to left 
ventricular strain, and the attendant 
elevation of serum potassium and 
phosphate and fall in pH, together 
with the probable glycogen depletion 
of the myocardium, are evidence of a 
catabolie chain reaction. The sympa- 
thetic nervous system relaxes the 
bronchi (probably leading to develop- 
ment of acute emphysema), leads to 
pulmonary eapillary atonie dilatation, 
and lashes the heart to death. Blood 
plasma and anoxie red blood cells 
escape into the alveoli of the lungs, 
where the latter are rapidly hemolyzed 
and account for the Nadi and Lep- 
ehne-Pickworth staining techniques 
revealing the presence of a metallo- 
porphyrin substance, to which I er- 
roneously attributed a fanciful respir- 
atory funetion,? but which I have, 
fortunately, been able to identify as 
hemoglobin.® The mechanies of the 
newborn premature infant’s heart and 
circulation may explain the initiating 
aspect of left heart strain,’® but from 
our work presented here there can be 
little doubt that oxygen is a potent 
metabolic poison in high concentra- 
tion. The hypothesis formulated on 
the basis of our experimental results 
applies as well to retrolental fibro- 
plasia, for the combination of Adren- 
alin-induced ischemia and metabolic 
acidosis in the retina may naturally be 
assumed to lead to the production of 
the cheap substitute—fibrous tissue. It 
does not appear too unreasonable also 
that the child delivered by the un- 
natural mode of cesarean section 
should be a very likely candidate for 
shock. Fitting the hypothesis to the 


high incidence of the disease in chil- 
dren of diabetie mothers is more dif- 


ficult, but is likely to be accomplished 
when more is known of the hormonal 
and blood and tissue electrolyte pic- 
ture of these infants. An obvious clue 
is the commonly large size of these 
babies, and this may be directly refer- 
able to inereased anterior pituitary 
stimulation, while other leads lie in 
the known inhibitory actions of growth 
hormone, cortisone, ete., on insulin 
action, and the well-known effects of 
insulin on potassium and phosphate 
metabolism. Our discovery that ‘‘hya- 
line membrane disease’’ could be pro- 
dueed with great ease in the gills of 
goldfish by addition of hydrogen 
peroxide is now understandable as this 
naturally would quickly upset the 
chemoreceptor balance in the gills. 
The oceasional finding of typical hya- 
line membrane disease in older chil- 
dren and adults is also easily explie- 
able on the basis of shock, heart fail- 
ure, or cerebral trauma. That we do 
not see it more often is probably due 
to the fact that most of these patients 
die before the pulmonary edema has 
time to be concentrated and organized 
into membrane. 

Ceelen’s Idiopathic Pulmonary He- 
mosiderosis.—Before closing, it is per- 
tinent to make a few observations with 
respect to this rare disease. We feel 
that too much attention has been 
given to the elastic tissue changes in 
the lungs of these ecases,°° and that 
far more important are the apparent- 
ly minor myocardial lesions described 
by some workers.**** Depicted in 
Fig. 28 is a section of the lung of a 
female child aged 11 months. She had 
been well until 3 days before death 
when she suddenly developed collapse, 
great weakness, rapid pulse, dyspnea, 
and vomiting; cough and fever (102° 


¥ 
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I.) appeared in a few hours. She 
beeame progressively more listless and 
weaker, with gasping respirations and 
cyanosis, and died three hours after 
hospitalization. Her only treatment 
was penicillin injection one hour be- 
fore death. Numerous sections from 
all her lung lobes showed grade 3 
to 4 hyaline membrane in all areas, 
with only a few leukoeytes here and 
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now know that, had she lived and 
suffered recurrent episodes of lesser 
gravity, she would almost certainly 
have gone on to pulmonary hemosider- 
osis, in the later stages of which he- 
moptysis and secondary elastic tissue 
changes are to be expected. As Me- 
Letehie and Colpitts** imply, there 
has to be a dramatie cause for the 
sudden alteration of pulmonary vascu- 


Fig. 28.—C. L., 
monary Hemosiderosis” ). 
reacted positively to Lepehne-Pickworth, 
niques, but negative for hemosiderin. 


there. The two blocks of myocardium 
taken did not show any detectable 
abnormality. However, in view of 
our experimental work it is consid- 
ered likely that this child developed 
an acute left ventricular failure, 
whether on the basis of undiscovered 
myocardial disease, paroxysmal tachy- 
eardia, or on the line of a chemo- 
receptor disorder cannot now be de- 
fined, but it is obvious from what we 


No. A 106/55, aged 11 months (see text under “Ceelen’s Idiopathic Pul- 
Lung showing grade 4 
Nadi, and hemochromogen microspectroscopy tech- 


(H & E; 


hyaline membrane disease. Membrane 


<300; reduced %.) 


lar dynamies to account for the sud- 
den onset of the crises of this disease. 


SUMMARY 


By the use of guinea pigs and 
rabbits as experimental animals we 
have succeeded in showing that both 
high oxygen tension and vagotomy 
lead to drastic fall in blood pH, con- 
siderable elevation in serum potassium 
and in inorganic phosphate and, in 
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four test animals investigated for this 
factor. a moderate rise in _ blood 
creatinine. In rabbits it has been 
shown by electrocardiographie study 
that oxygen, and probably also vagot- 
omy, produce left ventricular strain 
which is followed by failure. Auseul- 
tation of the hearts of four rabbits 
(two oxygen and two vagotomized) 
revealed typical gallop rhythm in all 
terminally. Reasons are set forth for 
the belief that these effects are due 
to unrestrained sympathetie (Adren- 
alin) action, initiated by abolition of 
afferent chemoreceptor impulses from 
the lungs. The resultant condition is 
that of secondary shock. Hemoconcen- 
tration oceurs in the oxygen group, 
but does not appear in detectable de- 
gree in the vagotomy group. In both 
groups there is a considerable redue- 
tion in the osmotic resistance of the 
red blood cells, which are believed to 
gain access to the pulmonary alveoli 
with the plasma transudate through 
the dilated, atonie capillary walls in 
the terminal phases. There they 
rapidly hemolyse; their products are 
mixed with the plasma ‘‘edema’’ fluid, 
and account for the presence of hemo- 
globin in the membranes, which them- 
selves are end results and are formed 
by concentration and molding of the 
plasma edema fluid, which appears as 
eardiae failure sets in. Repeated epi- 
sodes of failure and pulmonary edema 
are believed to be the mechanism un- 
derlying the development of hemosi- 
derosis in the lungs of patients with 
mitral stenosis, and the same process 
may underlie Ceelen’s disease. 

There appears to be no alteration in 
the basic mechanism of gaseous trans- 
port by the red blood cells in either 
oxygen or vagotomy groups of ani- 
mals. Our initial error’ in believing 


that the CO, content of the plasma 
of experimental animals was greatly 
reduced is attributable to the fact 
that, because of the small amount of 
blood available from guinea pigs, we 
were obliged to use the rather un- 
reliable chemical method of determina- 
tion. The use of the Van Slyke 
technique revealed a slight tendency 
to fall on the part of the CO,.-com- 
bining power and content of the 
plasma, but this fall did not appear 
to be significant. Further, in the 
light of the work reported here, it 
appears that our findings that re- 
peated injections of piloearpine en- 
haneed the development of hyaline 
membrane disease in experimental ani- 
mals*® is more correctly interpreted as 
being due to the effects of pilocarpine 
in producing eardiae inhibition when 
used in high doses.** 


It is our conelusion that oxygen in 
high enough concentration for suf- 
ficiently long periods is a fatal poison 
for all animals. The only exception 
noted by us have been some rats who 
display great intelligence and soon 
learn to roll themselves in balls and 
under each other. Indeed, two rats 
of our series showed such intelligence 
that, in addition to conserving carbon 
dioxide in their atmosphere in the 
manner just deseribed, they cut 
through the oxygen tube where it 
entered their jar. 

We wish to express our thanks to Drs. 
Harry W. Bain and W. L. Donohue of the 


Hospital For Sick Children, Toronto, for 
their unfailing interest and encouragement. 


REFERENCES 


1. Lynch, M. J., and Mellor, L. D.: Lancet 
1: 1002, 1955. 

2. Lynch, M. J. G., and Mellor, L. D.: J. 
PEpIAT. 47: 275, 1955. 

. Lyneh, M. J. G.: J. Peptar. 48: 165, 
1956. 


= 


3. Brown, W. H.: 


20. Pi-Sufier, A.: 
21. Farber, S., and Wilson, J. L.: 


3. Meesen, H.: 
24, Bedrossian, R. H.: 
25. Ashton, N.: 

26. Gould, S. E.: 


27. Rous, P., and Drury, D. R.: 


31. Gellerstedt, N.: 


52. Glanzmann, E., 


LYNCH ET 


. Harrison, G. A.: Chemical Methods in 
Clinical Medicine, ed. 53, London, 1949, 
J. and A. Churchill, Ltd. 

. MeGeown, M. G., Martin, E., and Neill, 
D. W.: J. Clin. Path. 8: 247, 1955. 

. Sumner, J. B., and Somers, G. F.: Chem- 
istry and Methods of Enzymes, ed. 3, 


New York, 1953, Academie Press Ine., 
Publishers. 

. Farber, S.: J. Exper. Med. 66: 397, 
1937. 

. Farber, S.: J. Exper. Med. 66: 405, 
1937. 


. Szent-Gyorgyi, A. G.: Adv. Enzymol. 
16: 313, 1955. 

. Miller, H. C., Hurwitz, D., and Kuder, 
K.: J. A. M. A. 124: 271, 1944. 

. Miller, H. C., Behrle, F. C., and Gibson, 
D. M.: Pediatries 7: 611, 1951. 

. Winter, W. D. Jr., and Gellis, S. S.: 


Am. J. Dis. Child. 87: 702, 1954. 


. Lendrum, F. C.: J. Peprar. 47: 149, 
1955. 
. Best, C. H., and Taylor, N. B.: The 


Physiological Basis of Medical Practice, 
ed. 6, Baltimore, 1955, Williams & Wil- 
kins Co. 

. Strassmann, G.: 
1944, 


Arch. Path. 38: 76, 
J. Exper. Med. 49: 103, 


1929. 

. Cromer, S. P., and Ivy, A. C.: Proce. 
Soc. Exper. Biol. & Med. 28: 565, 1951. 
. Moore, R. L., and Binger, C. A. L.: J. 
Exper. Med. 45: 655, 1927. 


9. Churchill, E. D., and Cope, O.: J. Exper. 


Med. 49: 531, 1929. 

Physiol. Rev. 27: 1, 1947. 
Arch. 
Path. 14: 450, 1932. 

. Becker-Freyseng, H., and Pichotka, J.: 
Klin. Wehnschr. 1: 329, 1944. 

Schweiz med. Wehnschr. 2: 
1135, 1947. 

Am. J. Ophth. 38: 
243, 1954. 

Tr. Am. Acad. Ophth. 58: 
51, 1954. 

Pathology of the Heart, 
Springfield, 111, 1953, Charles C Thomas. 
J. Exper. 


Med. 49: 435, 1929. 


2s. Bruns, P. D., and Shields, L. V.: Am. 


J. Obst. & Gynee. 67: 1224, 1954. 

. Crump, E. P., Scheck, J. F., Mukherji, 
B. K., Harris, R., and Turner, W. D.: J. 
Peprat. 47: 442, 1955. 


30. Wyllie, W. G., Sheldon, W., Bodian, M., 


and Barlow, A.: 
1948, 


Quart. J. Med. 17: 25, 
Acta. path. et microbiol. 
seandinay. 16: 386, 1939. 
and Walthard, B.: 


Ann. 


Monatschr. Kinderh. 88: 1, 1941. 
35. Scheidegger, S., and Dreyfus, A.: 
pediat. 165: 2, 1945. 

. MeLetchie, N. G. B., and Colpitts, G.: 
Canad. M. A. J. 61: 129, 1949. 


HYALINE MEMBRANE DISEASE 631 


35. King, E. J.: Microanalysis in Medical 
Biochemistry, ed. 2, London, 1952, J. & 
A. Churchill. 


ADDENDUM 


Dr. Harry W. Bain of The Hospital 
For Sick Children, Toronto, has put 
to us the suggestion of an alternative 
interpretation of our biochemical find- 
ings on the basis of some form of 
intrapulmonary respiratory obstrue- 
tion. We feel that this is worthy of 
consideration, especially as we have 
noted the development of both local 
and diffuse acute emphysema in both 
oxygen-treated and vagotomized ani- 
mals. This emphysema appeared to 
us to develop usually before edema 
appeared, though in some eases its 
development seemed to coincide with 
or even to follow the appearance of 
edema. In the early stages of this 
emphysematous change only isolated 
small groups of contiguous alveoli ap- 
pear to be involved, and this suggests 
to us that it may be due to neuro- 
muscular (sympathetic) action at the 
alveolar ductal level. 

This then would place the interpre- 
tation of our biochemical findings in 
the category of uncompensated respira- 
tory acidosis. However, to leave the 
matter in this convenient pigeonhole 
merely begs the question ‘‘What is 
the eyele of events in this peculiar 
variety of respiratory acidosis?’’ We 
have realized from an early stage of 
our experiments that the findings 
fitted into the pattern of respiratory 
acidosis, but we have purposely put 
forward the neural hypothesis in 
order to prompt further thought and 
investigation about this matter, and 
because, whatever the ultimate com- 
plete explanation will be, it is clear 
that the vicious cycle of events is 
sparked in the lungs. Our postulate 
of secondary shock and adrenergic 
left heart strain may appear to con- 
flict with the coneept of hypotension 
and oligemia in shock, but we feel that 
reconciliation is possible if our econ- 
cept of parasympathetic knockout can 
be established. The final result. how- 
ever, is heart failure, and this may 
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be mainly of anoxie type, and this 
anoxia may play a large part in the 
terminal electrocardiographie changes. 
We have recently sueceeded in dis- 
covering considerable evidence of myo- 
eardial damage in the form of fat 
phanerosis in both natural and experi- 
mental hyaline membrane disease 
(Fig. 29). However, this also is prob- 
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expected to be present in animals 
sacrificed at relatively early stages of 
the experiments, were the findings to 
be explained solely on the basis of a 
respiratory acidosis. However, we are 
cognizant of the facet that the limited 
scope of our investigations do not 
allow us to deny the existence of any 
effort at biochemical compensation in 


Fig. 29.—No. A 201/54. 


Frozen section of heart of case of hyaline membrane disease 


of prematurely born newborn infant, showing myriads of minute fat droplets in myocardial 


cells. (Sudan 1V; 300; reduced 4.) 

ably, like the anoxia to whieh it is 
most likely due, to be more correctly 
regarded as a terminal result of a 
erescendo neurochemical chain of 
events, for it is our conviction that 
biochemical changes precede cyanosis 
in the experimental animals, and our 
findings show no firm indication of 
any effort toward biochemical com- 
pensation—which might logically be 


the early stages. Finally, if, as is 
possible, our findings should be shown 
to be on the basis of a respiratory 
acidosis, this would all the more point 
to the importance of pulmonary 
chemoreceptors, the controlling influ- 
ences of which on respiration and 
acid-base balance may supersede those 
of the respiratory center, carotid 
bodies, and kidneys. 
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HYPOPLASIA OF THE PITUITARY AND ADRENAL CORTEX 


REPORT OF OCCURRENCE IN TWIN SIBLINGS AND AUTOPSY FINDINGS 


H. Davin Mosrrer, M.D.* 
Los ANGELES, CALIF. 


YPOPLASIA of the adrenal cor- 
tex in human beings has been re- 
ported in anencephalie monsters.'* In 
these cases malformations, hypoplasia, 
or apparent absence of the pituitary 
have been commonly associated find- 
ings. There have been no instances re- 
ported of hypoplasia of the pituitary 
and adrenals occurring together in an 
infant that is not anencephalic. Hypo- 
plasia of the adrenals and absence of 
the pituitary have recently been seen 
in an infant without anencephaly.* 
Several reports of adrenal hypo- 
plasia have appeared in which the elin- 
ieal findings indicated adrenal insuf- 
ficiency.** In certain of these the com- 
bined adrenal weights have been in the 
range of 2.5 to 4.0 grams.**® Such 
eases should be distinguished from 
those in which the adrenal mass is in 
the range of 1.0 gram or less. The less 
extreme examples reported may not 
represent true hypoplasia but conceiv- 
ably could be a variation in normal de- 
velopment or atrophy following a sys- 
temie or localized adrenal disease proc- 
CSS. 
In the group of marked adrenal 
hypoplasia there are those associated 
with anencephaly and a much smaller 
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group of eases in which adrenal hypo- 
plasia occurs without anencephaly. 
The latter group is composed of only 
five known eases. The first, reported 
by Sikl in 1948, was an infant dying 
at 33 days of age with clinieal signs of 
Addison’s disease. An autopsy re- 
vealed very minute adrenals. The pi- 
tuitary was deseribed as normal.’ In 
1950 Deamer and Silver* reported a 
214-month-old infant with clinical evi- 
dence of adrenal insufficiency who 
showed at autopsy apparent absence of 
the right adrenal cortex and a left 
adrenal weight of 0.5 gram. Blizzard 
and Alberts* have recently observed a 
newborn infant who had _ clinical 
adrenal insufficiency and at autopsy 
had a combined adrenal weight of less 
than 1.0 gram. In this infant a sella 
turcica was present but a_ pituitary 
body could not be demonstrated. The 
other two instances of marked adrenal 
hypoplasia are the subject of this re- 
port. These were single ovum twin 
siblings who clinically had signs of 
adrenal insufficiency and died shortly 
after birth. One twin died at 25 hours 
of age and was found to have marked 
adrenal hypoplasia. The pituitary was 
not examined. The other twin died at 
4 days of age. At autopsy there was 
marked hypoplasia of the pituitary and 
adrenal glands. 
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CASE REPORT 


K. L., No. 96147, was admitted to 
the Los Angeles Childrens Hospital at 
the age of 2 days beeause of suspected 
adrenal insufficiency. The baby was 
a twin who had vomited her first ga- 
vage feeding and was noted to have syn- 
copal attacks the morning she was ad- 
mitted. The twin sibling had developed 
syneopal attacks at 6 hours of age, 
cyanosis at 10 hours, and died within 
the next 14 hours. An autopsy was 
performed elsewhere. The adrenals to- 
vether weighed less than 1.0 gram. The 
pituitary was not examined. These 
details were obtained verbally from the 
pathologist. 

The pregnancy was marked by 
nausea and vomiting daily from the 
second month to term. Vaginal spot- 
ting had occurred one day in the sixth 
month. The mother lost 12 pounds 
during the pregnancy. The labor and 
delivery were uneventful. The birth 
weight of our patient was approxi- 
mately 4+ pounds 9 ounces. 

The family history revealed that the 
mother had a normal child by a pre- 
vious marriage. This was her second 
pregnaney. The father had no other 
children. There was a familial tend- 
enecy to obesity on the paternal side. 
The paternal grandfather developed 
diabetes late in life. Twinning had 
oceurred on both sides of the family. 

On admission the infant’s weight 
was 4 pounds 315 ounces. The vital 
signs were normal. The infant was 
small but well formed. The skin had 
a good turgor and a slight icteric tinge. 
There was a good Moro reflex, but the 
legs were slightly spastie and the ery 
was high pitched. The remainder of 
the physical examination disclosed 
nothing unusual. Shortly after ad- 
mission the patient had a spell of gri- 
macing, pallor of the head, and exten- 
sion of the arms over the head, followed 
by shaking movements of all extremi- 
ties. The morning following admission 
she had gasping respirations, brady- 
cardia, and poor heart tones. There 


was a transitory improvement follow- 
ing the administration of parenteral 
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electrolyte solutions. Later the same 
day the patient again developed the 
same signs along with purplish mot- 
tling of the skin, and died thirty-five 
minutes later. 

Laboratory data: Hemoglobin (ad- 
mission) 16 grams per 100 ml., leuko- 
cytes (admission) 6,400 per cubie milli- 
meter, blood nonprotein nitrogen 39 
mg. per cent, serum CO, 11 meq. per 
liter, serum chloride 114 meq. per liter, 
serum calcium 4.3 meq. per liter. Three 
attempts to draw blood for sodium and 
potassium determinations obtained 
markedly hemolysed blood. <A blood 
sugar estimation was not done. 

Autopsy Findings.— 

General: The body weighed 1,930 
grams. The skin and selerae were 
slightly icteric. A small hematoma was 
found in the right perijugular space 
extending to the thymus. This was 
secondary to internal jugular vene- 
puncture prior to death. A small cor- 
tical hemorrhage was present in a 
thymic lobule. The ductus arteriosus 
measured 1.0 em. in length by 1.0 em. 
in circumference. The lungs were 
grossly congested and did not float. 
Microscopically they showed capillary 
congestion and a transudate in some 
alveoli. The liver had bile staining of 
some hepatic cells, and a few bile 
thrombi could be found in the bile 
canaliculi. Both the liver and spleen 
showed a moderate amount of extra- 
medullary blood formation. The ear- 
diovascular, alimentary, urinary, and 
nervous systems showed no other ab- 
normalities. 

Pituitary: The gland weighed 0.053 
gram prior to fixation. (The usual 
weight of the newborn pituitary gland 
is about 0.10 gram.) The anterior and 
posterior lobes appeared proportion- 
ately reduced in size. The gland was 
fixed in Bouin’s solution and later bi- 
sected in a horizontal plane. Sections 
were cut from paraffin blocks at 4 to 5 
microns. Adjacent sections were 
stained with Mallory’s trichrome, Mas- 
son's trichrome employing aniline blue 
or light green, and periodie acid- 
Schiff stain (PAS) alone or with 
orange G and methy! blue counterstain- 
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ing by the method of Wilson and 
Ezrin.® Other sections were stained 
with MeLetchie’s method I for beta 
granules,*° Foot’s silver reticulum 
stain, hematoxylin and eosin, and 
Gomori’s chrom-hematoxylin-phlox- 
ine." The last stain was selected to 
show the neurosecretory substance in 
the posterior lobe.?? 

Microscopically the anterior lobe was 
the usual richly vaseular structure with 
the epithelial cells arranged in cords 
about the sinusoids. There was the 
usual amount of delicate stroma. No 
acidophil cells could be seen with the 
trichrome or orange G preparations, 
though over fifty sections stained with 
these methods were examined. The epi- 
thelium consisted of about 50 per cent 
chromophobes and 50 per cent baso- 
phils. The basophils were well differ- 
entiated. The beta granules were 
usually lightly dispersed throughout 
the eytoplasm, but occasional baso- 
phils were densely filled with beta 
granules. There was often a prom- 
inent ‘‘shadow’’ of the Golgi appara- 
tus. There was an oceasional hyalin- 
ized basophil of Crooke,’* with the beta 
granules limited to the periphery and 
the juxtanuclear area. Some of the 
lightly granulated basophils were ves- 
iculated. 

PAS-stainable material in the baso- 
phils and chromophobes was much re- 
duced in comparison with ‘‘control’’ 
sections of four other newborn infants 
with no known endocrine disorder. 
There were oceasional clumps of extra- 
cellular colloid staining intensely with 
aniline blue, light green, and PAS. 
There were fragments staining with 
iron hematoxylin located in many of 
these colloid accumulations. The Go- 
mori chrom-hematoxylin-phloxine stain 
revealed an appreciable amount of 
dark blue granular material in the pos- 
terior lobe which did not differ mark- 
edly from the control sections. 

Thyroid: The thyroid was not 
weighed, but it appeared smaller than 
usual for a newborn infant of this 
weight. Microscopically there was the 


usual follicular structure with gran- 
ular eosinophilic material and some 
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colloid in the follicles. The epithe- 
lium was cuboidal with small dark 
nuclei. Some small follicles were de- 
void of colloid. 

Pancreas: The pancreas appeared 
normal grossly and microscopically. 
The Gomori chrom-hematoxylin-phlox- 
ine stain showed well-differentiated 
alpha and beta cells in the islets. 

Adrenals: The right adrenal 
weighed 0.179 gram and was a slender 
structure with a triangular cross-see- 
tional area. The left adrenal was 
pyramidal in shape and weighed 0.160 
gram. Both adrenals were light yel- 
low and had on their surfaces tiny 
nodules measuring 0.5 to 1.0 mm. in 
diameter. These were surrounded by 
a narrow hyperemic zone. The cortex 
was yellow on cut section and varied 
from 0.5 to 1.0 mm. in width. One-half 
of each adrenal was fixed in 10 per 
cent formalin and eut at 15 microns on 
the freezing microtome. These see- 
tions were stained with Sudan IV. 
The other half was fixed in Bouin’s 
solution and embedded in_ paraffin. 
This was sectioned at 4 microns and 
stained with hematoxylin and 
eosin and Masson trichrome. Micro- 
seopically the adrenals had a thin fi- 
brous capsule. The nodules noted 
grossly were islands of cortex demar- 
eated by a thin layer of fibrous tissue 
and located in various levels of the 
cortex proper. Each of the nodules 
had a rim of eells resembling glo- 
merulosa cells and a core resembling 
fasciculata. The glomerulosa zone of 
the cortex proper was about one-sixth 
the width of the cortex. This zone 
had a fairly light concentration of 
sudanophilie lipids. The fasciculata 
zone had typical cells and a relatively 
heavy concentration of sudanophilic 
material. The droplets staining with 
Sudan IV were of varying sizes and 
oceasionally filled the cytoplasm. The 
reticularis was well formed. There 
were only traces of fetal cortex. The 
reticularis contained fine sudanophilie 
droplets in less concentration than the 
fasciculata. The lipid content of the 
nodules was the same as that of the 
cortex proper. The fasciculata and 
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Fig. 1.—A section of adrenal showing the general structure of the cortex and the tendency 
for nodule formation. (Masson trichrome; X84; reduced 14. 

Fig. 2.—Sudan IV stain of adrenal frozen section showing heavy lipid content of cortex. 
(X84; reduced 4.) 


Fig. 3. Fig. 4. 


Fig. 3.—Enlarged field of the anterior lobe of the pituitary showing: (/) heavily granulated 
basophil, (2) lightly granulated basophil, (3) chromophobe, and (4) interstitial colloid. 
(Masson trichrome; 1,080; reduced 1%.) 

Fig. 4.—PAS stain of anterior lobe showing staining only of three masses of interstitial 
colloid and paucity of PAS-positive material in the epithelial cells. (1,200; reduced 14. 
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reticularis were about equal in width. 
The medulla appeared normal. 
Ovaries: The ovaries weighed 0.123 
and 0.124 gram. Microscopically they 
had an abundance of primordial fol- 
licles and a rare secondary follicle. 
The stroma was relatively seanty and 
there was no evidence of luteinization. 


DISCUSSION 


In this case the pituitary was small. 
There was an absence of acidophils and 
a decrease in PAS-positive material, 
with a relative inerease in basophils. 
The adrenals were markedly hypo- 
plastie but had a relatively heavy con- 
centration of cortical lipid. The thy- 
roid and ovaries were probably not 
abnormal for an infant of this degree 
of maturity. Unfortunately adrenal 
function studies could not be carried 
out in life due to technical difficulties 
and other circumstances. 

The cases of Sikl, Deamer and Silver, 
and Blizzard and Alberts are the only 
other reported instances of marked 
adrenal hypoplasia without anenceph- 
aly. Our ease, with the possible ex- 
ception of the ease of Blizzard and 
Alberts, is the only one of this kind 
in which both marked adrenal and 
pituitary hypoplasia have oceurred. 

Angevine' has noted pituitary hy- 
poplasia and a relative decrease or ab- 
sence of acidophilic cells in the an- 
terior lobes of a series of twenty anen- 
cephalie monsters. The combined 
adrenal weight in this series was 
usually less than 1.0 gram. The cortex 
was often well differentiated. Herlant* 
recently studied the pituitary in a case 
of anencephaly and found a searcity 
of acidophils but an abundance of 
basophils. Potter? has noted colloid in 


the adrenal cortex in anencephaly. 
This was not seen in the present case, 
although the adrenal cortex showed an 
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unusual degree of cortical differentia- 
tion. Despite certain anatomic simi- 
larities there is insufficient data to al- 
low conclusions as to similarities in 
etiological mechanisms with the group 
of anencephalics. 

Numerous reports of adrenal insuf- 
ficiency in infants have appeared in re- 
cent years.‘ The diagnosis usu- 
ally follows clinical observation, chem- 
ical studies of the blood and urine, 
and response to electrolyte and hor- 
mone administration. The adrenals 
may appear normal at autopsy or may 
present any of a variety of pathological 
features such as hyperplasia, fibrosis, 
hemorrhage, abscess, or necrosis. In 
certain cases the adrenals have been 
called hypoplastic because the com- 
bined adrenal weight has fallen in the 
range of 2.5 to 4.0 grams. This weight 
range probably should not be regarded 
as evidence sufficient in itself for hy- 
poplasia for the following reasons: (1) 
this weight is sometimes found in in- 
fants dying of unrelated causes, (2) 
it may be due to atrophy secondary to 
exogenous cortical hormone therapy, 
and (3) it may represent in some cases 
a variation in the extent of neonatal 
involution of the cortical fetal zone. 

The symptomatology in the cases of 
marked adrenal hypoplasia has not dif- 
fered from that usually found in in- 
fants with adrenal insufficiency on 
some other basis. Jaudon'* *° has dis- 
cussed the clinical pattern of infantile 
adrenal insufficiency. Adrenal hypo- 
plasia is an anatomical diagnosis and 
clinically could not be differentiated 
with certainty from other pathological 
states causing adrenal insufficiency. 
One would expect that an infant with 
adrenal insufficiency due to adrenal 
hypoplasia would manifest symptoms 
within the first few days of life. 
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The significance of a decrease or ab- 
sence of pituitary acidophils ean only 
be a matter of conjecture in the pres- 
ent state of our knowledge of the roles 
played by the various anterior lobe cell 
types. For many years the acidophils 
have been thought on the basis of path- 
ological data to be the source of soma- 
totropin.'* The source of adrenal 
corticotropin (ACTH) has tradition- 
ally been thought to be the baso- 
phils.**2° Marshall? demonstrated 
that fluorescein-labeled antibodies to 
conventional ACTH are seleetively ab- 
sorbed in vitro by the anterior lobe 
basophils. On the other hand, there 
is evidence that some corticotropin is 
elaborated by the acidophils.**** This 
would necessitate immunologically dis- 
tinet varieties of ACTH. The concept 
of several corticotropins was given 
added weight by the observation of 
Liddle and associates*’ that certain 
pituitary fractions have the property 
of increasing adrenal responsiveness to 
conventional ACTH. Dixon and co- 
workers** have shown that certain 
pituitary fractions are rich in adrenal 
weight stimulating factor but poor in 
adrenal ascorbie acid depletion stimu- 
lating factor. Thus, in lacking an- 
terior lobe acidophils this infant may 
have been deficient in a type of corti- 
cotropin which differs in its chemical 
properties from conventional ACTH 
but is essential for the proper develop- 
ment of the adrenals. 

PAS-positive granules normally oe- 
cur in chromophobes and basophils. 
They have been shown in the rat to be 
related to or identical with thyrotropin 
and gonadotropin.” Post-mortem eval- 
uation of the human anterior lobe has 
shown no correlation between the PAS 
material and the physiological data.*° 
The decrease in PAS material in the 


anterior lobe in this case may reflect a 
decrease in thyrotropin and gonado- 
tropin production; however, there was 
not conclusive anatomical evidence for 
this. 

As a clinical-pathological correlation 
one might propose that this patient pri- 
marily lacked anterior lobe acidophils. 
There was consequently a deficiency 
of corticotropin possibly of the 
adrenal weight stimulating type, re- 
sulting in inadequate growth of the 
adrenals. The basophils produced 
enough conventional corticotropin of 
the ascorbic acid depletion type to 
cause the histological appearance of 
normal or inereased adrenal cortical 
activity. This, however, was inade- 
quate to support life due to the inade- 
quate quantity of cortical tissue. 


SUMMARY 


A ease is reported of marked adrenal 
and pituitary hypoplasia in a 4-day- 
old infant. The pituitary showed an 
absence of acidophils, a decrease in 
PAS-positive material, and a relative 
increase in anterior lobe basophils. 
The adrenals were quite minute. The 
adrenal lipids histologically appeared 
normal or increased in amount. The 
significance of these findings is dis- 
cussed. 

The twin sibling died at 2 days of 
age and the autopsy was performed 
elsewhere. Marked adrenal hypoplasia 
was found. 
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Early Advice on Education 


It should be marked that children who have reached six years should be sent to a teacher 
to be taught, They should not be kept at it continually but have recesses. Of this King 
Octavius has written; he educated his son in knightly exercises and his daughter learned 
embroidery on silk. Even if the child from birth and inheritance has what he needs, he 
should be industrious and wise as if he did not have property or desired more as through the 
exercise of such virtues, 


FroM BARTHOLOMAEUS METLINGER, 1473. 
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INCIDENCE OF RETROLENTAL FIBROPLASIA: PAST AND PRESENT 


Turopore M. Suaprra, M.D., M. Scuaui, M.D., Harotp FeEINHANDLER, 
M.D. anp Davin Kane, M.D. 
Cuicaco, 


HE purpose of this survey and 

study was (1) to determine the 
incidence of retrolental fibroplasia in 
a large prematurely born infant popu- 
lation over a twenty-nine-year period 
(1922 to 1951), largely in retrospect, 
since the clinical entity was not de- 
scribed until 1942,7 and (2) to de- 
termine the ineidence and course of 
the eondition by a controlled complete 
ophthalmoseopie study (Nov. 1, 1951, 
to Nov. 1, 1953). Numerous reports 
have been published coneerning the 
incidence of retrolental fibroplasia. 
Terry® was the first to call attention to 
the apparent variation in the fre- 
queney in various medical centers. 
Even within the same city it has been 
noted that the incidence varied.’ 


MATERIAL AND METHOD 

The source of the material was from 
the private and ward services at the 
Premature Station of the Sarah Morris 
Hospital for Children of Michael 
Reese llospital. This station was 
started in 1922 with a capacity of 
eight eribs under the direction of Dr. 
Julius H. Hess. It has been enlarged 
from time to time to its present 
capacity of forty cribs, with an aver- 
age daily census of about thirty-three 
premature infants. About 80 to 85 
per cent of the infants are born in 
other hospitals or in the home and are 


From the Departments of Ophthalmology 
and Pediatrics, Michael Reese Hospital. 
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then transported to our Premature 
Station. About 15 to 20 per cent 
come from the obstetrical service of 
Michael Reese Hospital. 

No attempt will be made here to 
outline the detailed nursing care, feed- 
ing, and general measures prerequisite 
to adequate care of the premature in- 
fant. However, it is important to note 
that the premature nursing has been 
under the skilled supervision of the 
same graduate supervisor for the 
past twenty-eight vears, Miss Evelyn 
Lundeen. She has continually im- 
proved nursing techniques to prevent 
complications so frequently enecoun- 
tered in these very small infants. 

A brief note on oxygen adminis- 
tration is included. Almost every pre- 
mature infant in the past had been 
placed in a Hess bed or Isolette for 
twelve hours after birth, the oxygen 
concentration slightly higher in the 
Isolette. The oxygen is regulated by 
an inflow of 2 to 3 liters per minute 
which results in oximeter readings in- 
diecating 35 to 40 per cent conecen- 
tration in the Hess type bed. Where 
actual oxygen therapy is prolonged, 
more recently a gradual withdrawal 
over forty-eight to seventy-two hours 
is practiced as advocated by 
Szewezyk.° Supplemental oxygen de- 
pends on the presence of cyanosis, 
anoxia, the general condition, ete., as 
suggested by Hess and Lundeen.'? 


Zz 
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A. SURVEY OF 415 PREMATURE INFANTS 
(1922 TO 1951) (TABLE 1) 


The survey mentioned above will 
be ealled Group A. This consisted 
of reviewing hospital and clinical 
histories and records, pediatricians’ 
and ophthalmologists’ replies to our 
inquiries, and blind and _ public 
school records, personal interviews 
with patients and families, studies 
of sections of enucleated eyes, in- 
cluding reports of pathologie  see- 
tions,” and ophthalmoscopie exami- 
nations done by us. In this review, 
we aceounted for 415 patients who 
weighed 1,250 grams or less at birth 
TABLE I. Group A.—PREMATURE INFANT 

SuRVIVALS From 1922 To 19528 


TOTAL | SURVIVALS 


WEIGHT NO. TO PER CENT 
(GRAMS) BABIES DISCHARGE SURVIVED 
Less than 1,000 759 99 13.0 
1,001 to 1,250 834 346 41.5 
1,251 to 1,500 1,410 926 65.7 
1,501 to 2,000 3,549 2,936 82.7 
2,001 to 2,500 2,470 2,240 90.7 
Total 9,022 6,547 72.6 
Note: Excluding 24-hour deaths, 85.8% 
survived. Excluding 48-hour deaths, 90.2% 


survived. 


RETROLENTAL FIBROPLASIA 


641 


Of these 415 accountable eases, 335 
of the patients are still known to us, 
having come in for personal interview 
and repeated examinations; thirty-five 
living in other cities were examined by 
their own pediatrician or ophthal- 
mologist who transmitted reports to 
us. Of the remaining seventy-five, 
forty-five have died, and we have not 
been able to account for thirty. 

The statistics given in Table I are 
concerned with the 415 patients. These 
were examined at least onee by us or 
their own ophthalmologist sometime 
between birth and their twenty-fifth 
year to determine whether retrolental 
fibroplasia existed. Only those with 
permanent membrane formation were 
counted as positive (corresponding to 
Grade IV and Grade V, cicatricial 
phase) or economically blind. The in- 
cidence of cases found is presented in 
Table II. 

In 415 eases with birth weights of 
1.250 grams and under, there are 
twenty-two eases of blindness, an in- 


Taste Il. Grove A.—INCIDENCE OF RETROLENTAL FrBROPLASIA WitH RESULTANT BLINDNESS 
(1922 to 1952) 

WEIGHT TOTAL BILATERAL UNILATERAL OF TOTAL 
(GRAMS) | SURVIVED BLINDNESS BLINDNESS | TOTAI GRADUATED 

Less than 1,000 99 9 3 12 12.1 

1,001 to 1,250 346 8 10 29 
Known 415 


and survived until discharge from the 
Premature Station as ‘‘graduates.’’ 
(Ophthalmoscopy was done in 1946 
[T. M. S.] over a six-month period on 
160 consecutive newborn premature 
infants, regardless of birth weight, 
during the first week of life, none of 
whom showed any sings of retrolental 
fibroplasia. This coincided with the 
views of Owens and Owens,’ 


cidence just over 5 per cent. This 
figure may be higher than has been 
reported from other clinics (because 
it ineludes only infants up to the birth 
weight of 1,250 grams). (In Table 
IIT are enumerated the cases (birth 
weights of 1,250 grams and under) 
with permanent membrane formation 
resulting in blindness (cicatricial 
phase, Grade IV and Grade V).° 
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Of these 22 cases, it may be noted 
from Table III that birth weight 
varied from 640 to 1,245 grams, sex 
distribution was five males and seven- 
teen females, age of gestation was 
from 20 to 33 weeks, and that blind- 
ness was bilateral in seventeen and 
unilateral in five. 


B. STUDY OF 432 PREMATURE INFANTS 
(1951 TO 1953) 


Group B eonsisted of a total of 432 
premature infants weighing 2,140 


The 2,140-gram infant was the largest 
birth weight in our study. 


Method.—Ophthalmoseopie studies 
in Group B were done once within the 
first three weeks of life, if the infant’s 
general condition permitted, and week- 
ly thereafter until discharged. The 
average length of stay was from five to 
six weeks or until the infant attained 
a weight of at least 2,000 grams. Only 
those infants who stayed over three 
weeks are included in this series as 


TaBLe III. Group A 
AGE OF | 
| BIRTH GESTATION 
NAME WEIGHT SEX (WK.) BLINDNESS 
ne R. Z. 1,125 F 30 Bilateral 
2. D.P. 1,225 F 20 Bilateral 
3. G. P. 830 F 31 Bilateral 
4. J.B. 1,175 F 29 Bilateral 
5. J.R. 1,070 M 30 Bilateral 
6. P. D. 995 F 32 Bilateral 
7. A. E. 990 F 29 Bilateral 
8. R. D. 935 F 28 Bilateral 
9. K. R. 955 F 29 Bilateral 
10. R. B. 1,085 F 33 Bilateral 
11, E. B. 875 F 27 Bilateral 
12. W. B. 935 F 33 Bilateral 
3. J. W. 1,200 M 28 Bilateral 
14. D. 8. 1,070 F 30 Unilateral 
15. M. V. M. 1,245 M 28 Unilateral 
16. D.S. 640 F 28 Unilateral 
17. B. R. 935 M 29 Unilateral 
18. R. G. 1,025 M 27 Unilateral 
19, 8S. B. 995 F 28 Unilateral 
20. P. L. 850 F 28 Unilateral 
21. M. W. 935 F 28 Unilateral 
22. M. F. 1,225 F 32 Unilateral 


Grade aN Cicatricial phase: MRetrolental tissue covering part of pupillary area. Some 


reflex present. 


Grade V, Cicatricial phase: Retrolental tissue covering entire pupillary area. No fundus 


present. 


grams or less at birth in the two-year 
period from Nov. 1, 1951, to Nov. 1, 
1953. Of these, seventy-eight weighed 
1,250 grams or less, 105 weighed 1,251 
to 1,500 grams at birth, and 249 
weighed 1,500 up to 2,140 grams. In 
Group A, the 1,250-gram figure, about 
2 pounds 12 ounces, was selected to 
conform with previously reported sta- 
tistics of the Pediatrie Department.® 


follow-up and repeated examinations 
were facilitated. 

For ophthalmoseopy the pupils were 
dilated, formerly with Terry’s rec- 
ommended mixture without cocaine; 
more recently, a 5 per cent solution of 
Homatropine and 10 per cent Neo- 
Synephrine has been substituted. One 
drop of the mixture was instilled into 
each conjunctival sae sixty and fifty- 
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five minutes before examination. Dila- 
tation of the pupil averaged 7 or 8 
mm. Sedation of the infants was 
found to be unnecessary, but an as- 
sistant was helpful. <A _ small, self- 
retaining eye speculum was used in 
every examination after the instilla- 


TABLE IV. 
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follow-up is done by nurses of the 
Premature Station, one of whom is 
provided with a ear to visit the 
homes. About 60 to 75 per cent of the 
infants are thus followed directly and 
referred back to the Premature Clinic 
held regularly twice a week. The re- 


Group B.—PositiIve Cases, ACTIVE PHASE, RETROLENTAL FTBROPLASIA 


| BIRTH EXTENT 
WEIGHT | GESTATION ACTIVE PHASE OF 
NAME (GRAMS) | (WK. ) SEX | STAGE TO STAGE PATHOLOGY 
I. Under 1,250 grams 
1. S. R. 1,090 28 F I 0 Bilateral] 
2. - B. 875 2 F I IV Bilateral 
3. x. R. 955 29 F II IV Bilateral 
4. — R. 935 24 M I IV Bilateral] 
5. -L. 1,075 21 F Il 0 Bilateral 
6. -D. 1,195 33 F Iil Tit Bilateral 
-L. 980 28 M I 0 Bilateral] 
8. - 8. 1,190 3414 M I 0 Bilateral] 
9. — M. 950 26 F I 0 Bilateral] 
10. G. B. 1,075 28 M I 0 Bilateral] 
II, 1,251 to 1,500 grams 
1. J.R. 1,490 31 M II 0 Bilateral 
2. R. B. 1,330 30 M I 0 Unilateral 
3. S. M. 1,490 30-32 F I 0 Bilateral 
4, J.F. 1,415 32 F I 0 Bilateral 
5. D.C. 1,295 30-32 F I 0 Bilateral 
6. R. P. 1,380 32 M I 0 Bilateral 
4 - G. 1,360 32 F I IV Bilateral 
8. - Vv. 1,265 29 M I IV Bilateral 
9. - B. 1,275 29 F I IV Bilateral 
10, - T. 1,495 31 M I IV Bilateral 
- 1,320 20 M II Bilateral 
12. - M. 1,460 30 M I 0 Bilateral 
IIT. Over 1,500 grams 
1. M. 1,745 35 M I 0 Bilateral 
2. M. 1,640 35 F I 0 Bilateral 
3. 0. 1,625 36 M I 0 Bilateral 
4. 8. 1,660 31% M Tt 0 Bilateral 
5. Ss. 1,510 31% F T IV Bilateral 
6, ww. 1,760 20% M I 0 Bilateral 
A F. 1,560 32 F I 0 Bilateral 
8. A. 1,720 32 M I 0 Bilateral 
9. B. 1,650 33 F Il 0 Bilateral 
10, C. 1,580 321% F I 0 Bilateral 
11, C. 1,960 33 M T IV Bilateral 
12. K. 1,505 321% F I 0 Bilateral 
13, L. 1,650 32 F I 0 Bilateral 


tion of 1 drop of 1 per cent pontocaine. 
The ophthalmologist was always seated 
for the study as this was found to be 
necessary for detailed observation of 
the periphery. 

In the Group B series, the follow-up 
thorough, 


was most present, 


maining 25 to 40 per cent are followed 
as closely as possible after going back 
to either their private doctors or to 
another welfare station. Those re- 
turning to the Michael Reese Out- 
patient Clinie are followed to at least 
the age of 1 year. For those being 
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seen elsewhere, follow-up reports are 
requested. 

Of the 432 infants, a total of 35 
showed varying stages of the active 
phase of retrolental fibroplasia. Of 
these, twenty-four cases regressed and 
eleven cases progressed to advanced 
states of the active phase. The birth 
weights of these infants ranged from 
645 to 2,140 grams. In Table IV are 
listed the positive eases of active retro- 
lental fibroplasia. The incidence of 
retrolental fibroplasia is presented in 
Table V. 
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IV. Hemispheric detachment of reti- 
na. 

V. Complete detachment of retina. 
From these data it appears that pre- 
mature infants weighing under 1,250 
grams at this Station have progressed 
to an advanced irreversible stage of 
retrolental fibroplasia in about 5 per 
cent of the eases. This is almost the 
identical incidence of blindness in the 
same weight group found in the 
thirty-year review. Infants with birth 
weights between 1,251 and 1,500 grams 


wr. =| DATE 
EXAM. DATES pate | OF Jat | EYE PATHOLOGY 
Ast | 2nd) 3rd | PRINT NAME CLINIC No. |SEX |B. W.| BORN | GEST. | EXAM. | REGAIN 
Fig. 1. 


We followed recommendations of 
the Joint Committee appointed by the 
National Society for the Prevention 
of Blindness’ in elassifying the degree 
of pathology : 

I. Dilatation and tortuosity of the 
retinal vessels (with or without neo- 
vaseularization in extreme periphery). 

II. Stage I plus neovascularization, 
peripheral clouding, and usually hem- 
orrhages (regression possible). 

III. Stage II plus retinal detach- 
ment in periphery of fundus (re- 
rression unlikely). 


have almost the same incidence of 
blindness. In infants with birth 
weights over 1,500 grams the incidence 
of blindness drops abruptly to less 
than 1 per cent. 

In this relatively small number of 
positive cases it appears that in pre- 
mature infants weighing under 1,500 
grams, approximately 60 per cent of 
acute cases of retrolental fibroplasia 
are completely reversible (thirteen of 
twenty-two). In infants weighing 
over 1,500 grams about 85 per cent of 
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the positive acute cases are reversible 
(eleven of thirteen). 

A photograph of our eye record 
sheet is presented to show our method 
of noting all pertinent data (Fig. 1). 


SUMMARY 


1. A survey and study were made 
at the Premature Station of the Sarah 
Morris Hospital for Children of 
Michael Reese Hospital to determine 
the incidence of retrolental fibroplasia. 

2. The survey (A) covers the years 
1922 to 1951. Ophthalmologie data 
have been reviewed in 415 premature 
infants with birth weights of 1,250 
grams or less. Of these, twenty-two 
progressed to blindness, an incidence 
of 5.3 per cent. 

3. The controlled study (B) covers 
the period from November, 1951, to 
November, 1953. Four hundred 
thirty-two premature infants were 
examined weekly while in the Pre- 
mature Station and followed for six 
to twelve months. Of these, thirty-five 
(8 per cent) showed signs of retro- 
lental fibroplasia; eleven progressed to 
blindness. 

4. Blindness in infants weighing 
under 1,250 grams in the Group B 
study (1951 to 1953) was present in 
5.1 per cent of eases. This, it is in- 
teresting to note, corresponds closely 
with the incidence of 5.3 per cent in 
the 415 eases surveyed from 1922 to 
1952. 

The ineidence of retrolental fibro- 
plasia is greatly inereased in infants 
weighing under 1,500 grams. About 


12 per cent showed signs of retrolental 
fibroplasia. Of 


those with birth 
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weights over 1,500 grams (to 2,140 
grams, the largest one studied), only 
5 per cent showed signs of the con- 
dition. It should be noted here that 
our statistics regarding the incidence 
and resultant blindness should not be 
confused. 

Prognosis for vision is significant on 
the basis of birth weights above and 
under 1,500 grams. Permanent 
changes leading to blindness varied 
significantly. In infants weighing 
under 1,500 grams at birth, approxi- 
mately 5 per cent beeame blind. In- 
fants weighing 1,500 grams and over 
(to 2,140 grams) showed a marked 
decrease to an incidence of less than 
1 per cent blindness. 


We wish to thank the Department of 
Pediatrics for their cooperation in the study 
and survey, particularly Drs. J. H. Hess, 
R. K. Kunstadter, A. R. Rambar, B. K. 
Kagan, and Nurses Evelyn Lundeen and 
Winifred Witz. 
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Clinical Pathological Conference 
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BOSTON, MASS. 


Siwney Farser, Eprror 
Joun M. Craio, Assistant Eprror 


CLINICAL HISTORY 


First Admission.—This 1614-year- 
old boy was well until the age of 14144 
years, when he began to have anorexia, 
malaise, fatigue, and pallor. Two 
weeks later he began to cough and to 
produce small amounts of ‘‘creamy’’ 
sputum. A temperature of 103° F. 
was noted. He was admitted to a 
community hospital and treated for 
pneumonia with penicillin and Aureo- 
mycin for twelve days. Because many 
atypical lymphoeytes were noted on a 
peripheral blood film during this ad- 
mission, a bone marrow aspiration 
was done which showed a preponder- 
ance of immature cells. A_ roent- 
genogram of the chest showed a left 
hilar infiltration and lymph node en- 
largement. The heterophil aggluti- 
nations on the serum were positive up 
to 1:28. No anemia or thrombo- 
eytopenia was present. After a period 
of hospitalization of eighteen days, he 
was transferred to Children’s Medical 
Center for further study. Since the 
onset of the boy’s illness he had lost 
13 pounds. 

There had been a history of frequent 
sinusitis and chronie rhinitis. Fre- 
quent epistaxes requiring cauterization 
had been noticed since early childhood. 
There was no specific history of ex- 
posure to tubereulosis. 
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Physical examination on admission 
disclosed a chronically ill boy who was 
in no acute discomfort. He had a pale 
skin and shotty cervical and axillary 
lymph nodes, and there was dried 
blood in both nares. The lungs were 
resonant to percussion, but diffuse 
transient coarse rales were heard 
throughout both lung fields. Neither 
the liver nor the spleen was palpable. 

Laboratory examination revealed 
that the urine was negative. On sev- 
eral occasions examination of the 
peripheral blood revealed a_ hemo- 
globin of 11 to 12 grams per cent. 
Peripheral leukocyte counts were 3,700 
to 7,600 per cubie millimeter. The 
platelets varied in number, from 
77,000 to 123,000 per eubie millimeter. 
The differential blood examination re- 
vealed from 8 to 20 per cent blast 
forms, 3 to 18 per cent band forms, 3 
to 16 per cent polymorphonuclear 
cells, occasional eosinophils, young 
lymphocytes, and atypical lympho- 
cytes, 1 to 11 per cent large lympho- 
cytes, 21 to 56 per cent small 
lymphocytes, 2 to 14 per cent young 
monocytes, and 4 to 25 per cent 
monocytes. Two bone marrow aspir- 
ates on the day of admission and a 
third aspirate twelve days later re- 
vealed 25 and 33 per cent blast forms, 
rare megakaryocytes, and a myeloid 
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hyperplasia with a shift to the left 
and with good erythropoiesis. There 
was an increased number of mono- 
eytes. The serum nonprotein nitrogen 
and serum protein were normal. The 
blood sedimentation rate was 44 mm. 
per hour. The hematocrit value was 
36 per cent; this gave a corrected sedi- 
mentation value of 28 mm, per hour. 
A blood culture was sterile. 

The application of skin tests gave 
the following results: tubereulin 
1:1,000, 4 plus erythema and 4 plus 
wheal; histoplasmin 1:1,000, 0.5 em. 
erythema, 1 em. induration. 

Roentgenographie studies on ad- 
mission revealed a fine, diffuse infil- 
tration throughout each lung, with 
prominence of the left hilar region. 
A barium swallow showed extrinsic 
pressure on the right side of the 
esophagus, probably due to enlarged 
lymph nodes. Two weeks after ad- 
mission there was marked improve- 
ment in the appearance of the lungs 
by roentgenogram, though fine, gran- 
ular infiltrates could still be identified. 
One of three gastric washings was 
positive in guinea pigs for acid-fast 
baeilli. 

Therapy for tuberculosis was begun 
at a level of streptomyein, 1.0 Gm. two 
times a day; para-aminosalicylie acid, 
1 Gm. four times a day; and isoniazid, 
25 mg. five times a day. There were 
intermittent temperature elevations to 
101° F. during the first week of thera- 
py, and essentially normal levels were 
noted thereafter. One month after ad- 
mission the patient was discharged, 
markedly improved and having gained 
814 pounds. 

At the time of discharge the plate- 
lets fell to 63,000, and the peripheral 
count of blast forms thereafter in- 
creased to 73 per cent two months 


after discharge. At this time therapy 
with Methotrexate, 5 mg. daily, was 
begun in addition to the antibiotic 
therapy. One month after the initi- 
ation of the chemotherapy for the 
leukemia, the peripheral leukoeyte 
count was 54,000 per cubic millimeter 
and the thromboeytes decreased to 
8,000 per cubic millimeter. 6-Mer- 
captopurine, 100 mg. daily, was added 
to the therapeutie regimen. 

Second Admission.—Three months 
after the patient's first admission he 
was readmitted to the hospital because 
of a submandibular lymphadenitis. 
Purulent material obtained by incision 
and drainage of this abscess contained 
Staphylococcus aureus but no acid-fast 
bacilli. The lymphadenitis responded 
to penicillin, and the patient was dis- 
charged approximately two weeks 
later. At that time the peripheral 
leukocyte count was 5,000 per cubic 
millimeter and the platelet count, 
48,000 per cubie millimeter, and the 
differential of the peripheral blood 
contained 29 per cent blasts. Five and 
one-half months after the first ad- 
mission the platelets had risen to above 
100,000 and the peripheral blood 
showed only a few blast cells. Gastric 
washings were negative for acid-fast 
organisms. A bone marrow aspiration 
six and one-half months after the first 
admission showed 38 per cent blasts, 
decreasing to 2.6 per cent ten months 
after the first admission. This was 
considered to be consistent with a 
complete remission. 

Roentgenograms of the chest taken 
at frequent intervals showed clearing 
and were interpreted as normal five 
months after the first admission. Ten 
months after the first admission 
isoniazid was discontinued. 


CLINICAL PATHOLOGICAL CONFERENCE 


The patient suffered a relapse of the 
acute leukemia eleven months after the 
first admission, and one month later 
cortisone therapy was begun, 200 mg. 
per day. Fourteen months after the 
first admission, hematologic improve- 
ment was again noted, with a rise in 
platelets and a decrease in peripheral 
blood immature forms. 


Third Admission.—Eighteen months 
after the first admission the patient 
again suffered a relapse and soon 
thereafter readmission was necessary 


for anemia, oral moniliasis, fever, 
weakness, epistaxes, vomiting, and 
diarrhea. Tumor chemotherapy was 


changed to ACTH gel, 80 units intra- 
muscularly per day, and the patient 
was given a variety of antibiotics. He 
required repeated transfusions and 
platelet infusion to control the severe 
hemorrhagie manifestations. Seven 
months after the first admission 
cardiae failure was noted. <A _ blood 
culture was positive for Staph. aureus. 
It was sensitive only to bacitracin, 
which was given in doses of 60,000 
units per day. Repeated roentgeno- 
grams of the chest continued to be 
negative. The leukocyte count over 
this period was at leukopenic levels 
except for a terminal rise to 68,000 
per eubie millimeter. Thrombocyto- 
penia persisted and the differential 
smear contained 53 per cent blast 
forms. The patient’s final exitus from 
massive bleeding occurred twenty-two 
months after first admission. 


DISCUSSION 


Dr. BrrenserG.*—In the 
first place, there is much evidence 
pointing toward tuberculosis, and 
finally a guinea pig was positive which 


*Clinical Associate in Pediatrics, Harvard 
Medical School; Physician, Children’s Hospital. 
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clinches the diagnosis beyond any 
question. Second, there is the re- 
peated statement that this boy ob- 
viously had acute leukemia. 

The boy was 161% years old and had 
been ill for some period of time before 
he eame here. He had anorexia, 
malaise, and fatigue, and subsequent 
to that he developed cough productive 
of sputum and then fever up to 103° 
F. A diagnosis of pneumonia seems 
fairly reasonable as one reads this 
story, except that the onset was not 
quite acute enough for ordinary pneu- 
monia, and he was treated with peni- 
cillin and Aureomyein without much, 
I assume, in the way of response. 
Then there was concern for the first 
time about the blood picture. Were 
the cells noted on the spread typical 
lymphocytes? The bone marrow aspir- 
ation showed a preponderance of im- 
mature cells. The x-ray films at that 
time showed hilar infiltration and 
nodal involvement, and I think it is 
particularly worthy of comment that 
at that time the patient had no anemia 
and no thrombocytopenia. But he 
went on with this disease and lost 
thirteen pounds in three months, 
which again confirms our feeling that 
we are dealing with a serious situation. 
The past history does not help me too 
much. The sinusitis and chronic 
rhinitis certainly do not sound dra- 
matie enough, in the absence of re- 
current pneumonia, to make one think 
of some of the conditions that might 
produce chronie respiratory infection 
over long periods of time. The re- 
current epistaxes, unassociated over a 
long period of time with any under- 
lying blood dyserasia, are probably the 
result of a local vascular pathology. 
There is no specific history of exposure 
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to tuberculosis. The boy is already in 
an age group where the dependence on 
the family history of tuberculosis is 
not as great, because a 16-year-old boy 
is out in the community riding the 
subway and doing a great many things 
and getting into a number of places 
where he is likely to be exposed. 

On physieal examination, we have 
a chronically ill boy who has pallor 
and a shotty adenopathy, although it 
is not particularly dramatic. We are 
impressed by the fact that exami- 
nation of the chest showed transient 
coarse rales without anything more 
definitive. That, of course, is more in 
keeping with interstitial involvement 
of tubereulosis than it is with frank 
pulmonie involvement of an ordinary 
bacterial nature. It is particularly 
noteworthy that neither the liver nor 
the spleen was palpable at that time. 
Now we begin to be coneerned about 
abnormal cells in the bone marrow. 
In view of the fact that the child had 
no anemia, no enlargement of liver 
or spleen, looked pale, had no thrombo- 
eytopenia, and had immature cells in 
the peripheral blood, without having 
been told anything more, I would be 
inclined at this point to feel that he 
probably did not have leukemia. After 
admission here the peripheral blood 
showed no striking anemia, even be- 
fore transfusions. He had a fixed 
leukopenia. I think he had only one 
thromboeyte count below 100,000 per 
cubic millimeter, so although it is dis- 
turbing in terms of what one would 
like to see, the repeated counts were 
not at the level of a striking degree of 
thrombocytopenia. Then we are told 
for the first time that he definitely had 
blast forms, ranging between & and 20 
per cent, and that he had a preponder- 
ance of monocytes, ranging between 2 


and 14 per cent of young monocytes 
and 4 and 25 per cent of monocytes. 
I am not sure how I would interpret 
that. I would be rather concerned 
about possible monocytic leukemia if 
one is anxious to make a specifie diag- 
nosis of the type of leukemia. On the 
other hand, I think all of us are quite 
familiar with the work that Dr. 
Diamond has done, and the paper that 
he and Dr. Blaekfan' published many 
years ago on the monoeytie changes 
that are seen in tuberculosis, particu- 
larly in the more chronic eases. How- 
ever, we do have two bone marrow 
aspirations that showed between 25 
and 33 per cent blast forms. The 
tuberculin test was strikingly positive 
and is, from the point of view of 
tuberculosis, certainly the most help- 
ful thing that we have been told. The 
histoplasma test was borderline. Un- 
fortunately, the histoplasma test was 
done with a tuberculin syringe, and in 
a boy who has as strikingly positive a 
tuberculin reaction as this boy had, 
unless one is dealing with a syringe 
that has been completely and ade- 
quately cleaned chemically with regard 
to tubereulin content, one would 
expect this result. An ineidence of 20 
per cent of positive histoplasma tests 
may be found in tubereulous indi- 
viduals with calcification. The x-ray 
pictures I would interpret as meaning 
that probably this is a miliary-like 
picture which might be either tubereu- 
lous or neoplastic. 

At this point I would prefer emo- 
tionally, perhaps, to make another 
diagnosis than leukemia and to be 
certain that everything had been ruled 
out that might possibly mimie it. This 
brings up the obvious question of how 
closely the pseudoleukemie reaction of 
tuberculosis may mimie the picture of 
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true leukemia. Could the blast forms 
rise this high with tuberculosis alone? 
I think that is open to a certain 
amount of discussion on the basis of 
our past experience. Certainly we 
have seen people with tuberculosis who 
have had 6, 8, and 12 per cent blast 
forms. I would think that the main 
criterion for making a decision would 
be the one of the improvement in the 
number of blast forms with the im- 
proved status of the tuberculosis. In 
1948 we had a child in the hospital, 
whom I am sure many of us will re- 
eall, who has as high as 81 per cent 
blast forms in the bone marrow. He 
was treated, and I think very justi- 
fiably, for leukemia and died. Autopsy 
revealed that he had disseminated tu- 
bereulosis, with no clear evidence of 
leukemia. It may be that he was in a 
complete remission as the result of 
therapy, or it may be that he had not 
had it. Fountain? in 1954 reported 
four eases with disseminated tubereu- 
losis and eytopenia. One of these in- 
dividuals had a normal marrow, and 
one had associated leukemia proved at 
autopsy. Two of his group who had a 
full picture of pseudoleukemia, with a 
large number of blast forms in the 
marrow, subsequently, on adequate 
therapy for tubereulosis, went on to 
do quite well with a reversion of the 
picture to normal. At this time, with 
this picture in the bone marrow, I 
would like to see this child treated for 
tubereulosis and withhold specific 
therapy for leukemia in an effort to 
see what would happen should the tu- 
bereulosis improve. Therapy, I think, 
was adequate. He was started with 2 


(im. of streptomycin a day, which is 
certainly a large dose, but he had a 
diagnosis of miliary tuberculosis. He 
had the response in terms of tem- 
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perature which we have grown to 
expect with tuberculosis. He had im- 
provement in his x-ray and had gained 
in weight, with no improvement in the 
hematologic findings. 

When the platelets fell to 63,000 
and the peripheral blasts increased to 
73 per cent, four months from the 
onset of this disease, I think that by 
this point the pseudoleukemia of tu- 
berculosis was something that was no 
longer tenable. We are told that he 
had a good many complications. He 
had lymphadenitis, which presumably 
was bacterial. The gastric washings 
subsequently were negative for acid- 
fast organisms which would make me 
feel, despite the fact that he had two 
diseases, that he had handled the tu- 
bereulosis quite well and the anti- 
tubereulous chemotherapy had _ been 
successful. I think I would have kept 
the chemotherapy going somewhat 
longer, particularly in someone who 
had two serious diseases. A boy with 
miliary tuberculosis would best be 
treated with streptomycin for at least 
five or six months. Since para-amino- 
salicylic acid and isoniazid are rela- 
tively easy to give and should not have 
given him trouble, I think I would 
have kept both of them going perhaps 
for a year or eighteen months. 

By September, the boy had another 
complicating disease, namely, oral 
moniliasis, which I am sure Dr. Neu- 
hauser again might have trouble dis- 
tinguishing if there were miliary in- 
volvement of the lungs, but we are 
told that the chest films at that time 
were clearing. He developed another 
relapse of the acute leukemia and was 
started on cortisone. I am sure there 
must have been considerable discussion 
at that point as to whether or not 
cortisone should be used in a patient 


652 THE JOURNAL OF PEDIATRICS 


who had what appeared to be dis- 
seminated tuberculosis several months 
previously. I think the risk of corti- 
sone, or ACTIL, which he subsequently 
had, is a very real one, There was 
no longer any evidence of activity 
of the tuberculosis on the basis of 
the x-ray films, and I would think 
that at that point it was purely a 
question of the judgment of the in- 
dividuals who were trying to de- 
cide what to do about the leukemia. 
If, in their judgment, they thought 
that the use of these drugs was going 
to make this patient more comfortable 
and make life pleasant for him, then I 
think they should have used them. I 
might have been inelined to cover it, 
if not with streptomyein, then with 
isoniazid and para-aminosalicylie acid 
at that time. I would not be inclined 
to feel that death necessarily was 
related to the cortisone, but the fact 
that he bled from the gastrointestinal 
tract would make one at least raise 
that question. I suspect he also had 
moniliasis, multiple hemorrhages, and 
a staphylococcal septicemia. 


Dr. Stipney Farser.—We are grate 
ful to Dr. Berenberg for having stated 
the problem so clearly. The first 
question that was raised was the 
pieture of pseudoleukemia of tubereu- 
losis. Dr. Diamond, would you like 
to speak on that point? How do you 
make a diagnosis? How do you 
differentiate that from true acute 
leukemia? 


Dr. Louis K. Diamonp.—I would 
like to talk about the patient as an 
individual first rather than just the 
diagnosis. This was a difficult situation 
because we were dealing with a smart 
young adult, not a child. He was a 
17-year-old boy who was very bright 


and alert, who knew almost from the 
moment we did what the diagnosis was 
just by keeping his ears open and in- 
ferring from the treatment that he 
obtained. We are increasingly aware 
of what hospitalization and medical 
treatment do to the emotional reaction 
of an intelligent individual. 

This boy was certainly a problem 
in management. In many situations 
of this sort it is diffieult to differ- 
entiate clearly between leukemia and 
a leukemoid reaction. There appears 
to be inereasing numbers of problems 
of this sort. The leukemoid reaction 
of tubereulosis has been deseribed 
many times. It was produced experi- 
mentally and studied by Florence 
Sabin and co-workers* at the Rocke- 
feller Institute back in the late 1920's. 
The reaction that was then found 
could be reproduced by a lipoid or 
lipoid-protein fraction of the organ- 
isms. This material caused the ac- 
cumulation in the tissues and in the 
bone marrow of large numbers of 
monocytes. These increased to levels 
of 100,000 in the peripheral blood, 
which were certainly consistent with 
what we ordinarily think of as leu- 
kemia. The bone marrow contained 
almost 50 per cent of these cells, but 
no changes were generally found in 
the other cellular elements of the bone 
marrow. The absence of anemia and 
thrombocytopenia is always reassur- 
ingly in favor of a leukemoid reaction 
when the white count is high and 
there are numerous young cells of a 
single type in the patient’s peripheral 
blood. However, the presence of true 
blast forms among the very immature 
forms is not seen, and was not seen 
by Sabin and associates, even in the 
most active cases of tuberculosis in 
animals. One should assume that the 
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presence of true blast forms in any 
number in the peripheral blood, as 
many or as little as 10 per cent, is not 
consistent with a leukemoid reaction 
and that the presence of more than 
20 per cent blast forms in the bone 
marrow again is not leukemoid but 
more typical of leukemia. So far as the 
diagnosis of leukemia is eoneerned 
here, we were dealing with an adult 
and not with a child in his reaction. 
Many adults have leukemia for months 
or even longer without much fall in 
the platelet count, which is, of course, 
contrary to our general experience 
with children. Then the fact that the 
patient’s bone marrow had more than 
10 per cent blast forms and that he 
had blast forms in the peripheral 
blood made the diagnosis clear. Now 
the leukemia was of what we eall the 
monoeytie type, or monoblastie type, 
in that the cells were more typical of 
monoblasts than any other form, and 
one should remember that this is the 
most chronie form of leukemia that 
we see both in adults and children. 
We do not see many eases of mono- 
eytie leukemia in children. The half 
a dozen or so cases that we have 
followed were more chronic than any 
other form of childhood leukemia. 


Dr. Farper.—How many have you 
seen like that, Dr. Diamond? Do they 
have spontaneous remissions? 


Dr. DiaMonp.—I know of at least 
four eases that we followed quite 
carefully. One was an infant of only 
about three or four months at the time 
diagnosis was established. He lived 
until he was almost thirteen months 
old with several spontaneous re- 
missions and relapses. All of these 


four eases had hematologic remissions, 
with no malignant cells in the pe- 
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ripheral blood. One, the smallest baby, 
had a hematologic remission that was 
certainly unusual. 


Dr. Farsper.—But with persistence 
of bone marrow blast forms? 


Dr. Diamonp.—Yes, in contrast to 
what you see here. 


Dr. Farser.—I raise these questions, 
Dr. Diamond, about the monocytic 
leukemia of the acute form because of 
the great variation of opinion of hema- 
tologists in different parts of the 
country. 


Dr. DiamMonp.—Yes, Dr. Maurice 
Rosenthal did not believe there was 
such a thing as monocytic leukemia. 
He said the cells were monoeytoid- 
myeloblasts. 


Dr. Farser.—The variation is even 
greater than that. There are those 
who say that monocytic leukemia does 
not exist, which makes it very difficult 
to make comparisons with his experi- 
ence and other hematologists who say 
that monocytie leukemia is by far the 
most vicious, acute, and rapidly pro- 
gressive of all the acute leukemias, 
with a duration of a few weeks. This 
is in contrast to Dr. Diamond’s ex- 
perience with these four eases, which 
leads him to eall it the most chronic 
of the acute leukemias. It leads to 
great confusion in interpreting exactly 
how one is going to define the charac- 
ter‘sties of the various kinds of leu- 
kemia. Of course it highlights what 
we have brought up on a number of 
occasions, the great necessity for 
having some method that will supplant 
old-fashioned morbid anatomy in the 
diagnosis of the acute leukemias, either 
in terms of response to specific chemi- 
eal therapy or hormone therapy or in 
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terms of chemieal characterization of 
the tumor cells. I think that we are 
going to find a much more satisfactory 
classification than is now available. 
One thing does seem certain to us on 
the basis of the study of more than 
550 patients with aeute leukemia that 
we have seen since January, 1947: the 
diagnosis of acute leukemia no longer 
represents one disease entity. I think 
we are dealing with a number of 
different diseases, perhaps of different 
etiological backgrounds, perhaps un- 
related to one another. I think that 
is a very important point to recognize 
and to document, if it ean be doeu- 
mented. I think we are getting there 
now. So I would like to express my 
continuing confusion on the exact 
nature of something which we eall 
acute monoeytie leukemia and wait for 
further evidence before we will feel 
completely secure in that diagnosis. 


Dr. Rupotr Tocu.—May I ask Dr. 
Berenberg to hazard a guess as to 
whether the leukemia came first or the 
tuberculosis. 


Dr. BerENBERG.—I would think that 
probably the tuberculosis came first, 
just beeause the patient had miliary 
tuberculosis at the time we saw him. 
At his age the odds are that he prob- 
ably had had unrecognized pulmonary 
tuberculosis for a considerable period, 
plus the fact that it takes a certain 
period of time to get enlargement of 
the mediastinal nodes. 


Dr. Joun Craic.—I would like to 
ask Dr. Berenberg if he thinks that 
this patient had a spread of tubereu- 
losis before he died or if he thinks 
that the Staph. aureus that was cul- 
tured in the blood a few weeks before 
death was the cause of death? 


Dr. BerenperG.—I have no real 
knowledge of whether the tubereulosis 
spread. I would have to accept the 
protocol statement that subsequent to 
five months after the first admission 
the chest film was completely normal. 


Dr. E. B. D. Neunauser.—That is 
right. (Chest films were taken at 
monthly intervals, but they were all 
rated as negative. 


Dr. BerensperG.—I would not be 
able to make a diagnosis of tubereu- 
losis without any radiologic evidence 
of it. Certainly I would be inclined 
to place a good deal of importance on 
the fact that blood culture grew 
Staph. Aureus, and I would think it 
had a good deal to do with the termi- 
nal episode. I think the final episode 
of bleeding secondary to the thrombo- 
cytopenia was part of general sepsis, 
but I do not know how one could say. 


Dr. Farsper.—So far as to which 
eame first, the leukemia or the tubercu- 
losis, I think that it is impossible to 
make a statement. We do not know 
the beginnings of leukemia, but we do 
know that tuberculosis may be there 
for a great many years before making 
itself manifest. So I think it is a 
very interesting question but one 
which I do not believe be 
answered. 


Dr. NevHAusER.—I think it is worth 
remembering that we see quite a 
number of patients with miliary tu- 
bereulosis or with overwhelming tu- 
bereulous meningitis clinically in whom 
no chest findings are evident. 


Dr. Jay Bernstery.—The coexist- 
ence of leukemia and tuberculosis is, 
in our autopsy experience, very rare, 
this being the only ease in which both 
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Fig. 1.—Spleen—An area of caseous necrosis with little peripheral reaction is shown. Many 
leukemia cells are present in the splenic pulp. (Hematoxylin and eosin; 140; reduced \%.) 
Fig. 2.—Bone marrow—A small early granuloma without caseation is present. Many small 
and large blast forms are present in the marrow. (Hematoxylin and eosin; x450; reduced \%.) 
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diagnoses could be maintained at post- 
mortem examination on anatomic 
grounds. There was extensive miliary 
tuberculosis involving the lungs, 
lymph nodes, spleen, liver, kidney, 
adrenal glands, pancreas, bone mar- 
row, and pleura. The lesions, es- 
pecially those in the lung, showed 
little evidence of old sear, although 
many of the regions contained caseous 
necrosis. In the lung and in other 
areas the tubercles were remarkable 
for the absence of an inflammatory 
process, although with an acid-fast 
stain large numbers of typical bacilli 
could be demonstrated (Figs. 1 and 
2). There was widespread evidence of 
leukemia with infiltrates in the liver, 
spleen, bone marrow (Fig. 2), testis, 
and epididymis. As a result of these 
infiltrates there was enlargement of 
the liver, spleen, and kidneys. 


A Puysicran.—wWas there no 
Monilia found at autopsy? 


Dr. Bernstern.—There was monil- 
iasis of the tongue and buccal mucosa 
only. No staphylococei were cultured 
at autopsy, and no organ involvement 
by this organism was demonstrable. 

Parker and co-authorst made a com- 
pilation from the Peter Bent Brigham 
Hospital, the Boston City Hospital, 
and this institution of fifty eases of 
myelogenous leukemia which they did 
not further classify as to duration or 
age group affected. Of these fifty 
patients, ten had tuberculosis, five in 
an inactive and five in an active stage. 
In thirty cases of lymphatie leukemia 
there were only three cases of tubereu- 
losis, all inactive. This contrasts 
rather sharply with the incidence of 
20 per cent tuberculosis in their eases 
of Hodgkin’s disease. 


Dr. Diamonn.—Parker and 
authors compared the incidence of tu- 
bereulosis in Hodgkin’s disease, which 
they had established as fairly high, 
with the incidence of tuberculosis in all 
types of leukemia. They proved, of 
course, that leukemia had a much 
lower incidence. 


Dr. Farser.—The lack of reaction 
to the tuberculosis may have several 
explanations; one of them may have 
been the sudden entrance into these 
areas of large numbers of tubercle 
bacilli with necrosis or without ne- 
erosis, but without an acute reaction. 
In the absence of polymorphonuclear 
cells in the peripheral blood, it is possi- 
ble that there perhaps were not many 
polymorphonuclear cells available to 
react. The absence of the large mono- 
nuclears and the giant cells may be 
explained, too, by the acuteness of the 
spread, which may have been in terms 
of hours, so to speak, rather than days 
or weeks. In experimental tuberculosis 
in the rabbit we know that giant cells 
in the lung may occur within minutes 
after the instillation of tuberele bacilli 
into the lungs, so that time alone is 
not the sole conditioning factor. Dr. 
Toch, why were ACTH and cortisone 
used ? 


Dr. Tocu.—Cortisone was first used 
about nine months before death be- 
eause of a marked relapse that no 
longer responded to any of the anti- 
metabolites. The patient received con- 
siderable benefit from cortisone for 
about five more months. He was in 
very good clinical and moderately 
good hematologic condition during this 
time. ACTH was used terminally be- 
cause of failure to respond any longer 
to cortisone or any of the other anti- 
metabolites. We argued frequently 


A 
j 

a 


CLINICAL PATHOLOGICAL CONFERENCE 


about the effect it might have upon the 
tubereulosis, but since we were unable 
to substantiate this spread by x-ray 
findings and were unable to do gastric 
washing in the presence of hemor- 
rhagie tendencies of the gastrointesti- 
nal tract, we felt that his future was 
menaced more by leukemia than by 
tuberculosis. 


A Puysician.—Could you say from 
the pathology findings how old the tu- 
bereulosis was? Or where the initial 
site of infection was? 


Dr. BerNsTEIN.—We unfortunately 
found no area which we could say was 
definitely old. There was no area 
which microscopically had calcification 
in it. All these areas were either 
granulomatous lesions or areas of very 
extensive necrosis. It is difficult to 
say with certainty. 


Dr. Farper.—The very fact that 
treatment was given for so long and 
apparently so effectively simply erases 
the opportunity to put age labels on 
the process if we ever could. Caleium, 
incidentally, may be laid down, at 
least chemically, in microscopic 
amounts within minutes, within an 
hour or two after the entrance of 
tubercle bacilli into the site. Dr. 
Toch, how many blood cultures were 
taken? How many were positive 
during life? 


Dr. Tocu.—There was one positive 
culture about thirty days prior to 
death. After that the patient received 
bacitracin, to which the bacteria were 
sensitive, and about ten subsequent 
blood cultures were negative. So I am 


not surprised that it was not grown 
post mortem. 
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Dr. Farser.—This young man was 
definitely in relapse for some time be- 
fore death. 


Dr. Tocu.—Oh, yes, I am afraid so. 
He had severe leukemia for about 
three months prior to death. 


Dr. Farser.—Dr. Toch, would you 
like to say a word of our experience in 
acute monoeytie leukemia? 


Dr. Tocu.—It is relatively infre- 
quent; it is less amenable to therapy 
and on the whole more rapidly pro- 
gressive. We looked through the 
patient’s record again and except for 
one description of the bone marrow 
showing monocytosis, monocytic leu- 
kemia is not mentioned as a diagnostic 
aspect of the bone marrow, not by 
your group, Dr. Diamond, nor by us, 
nor by pathology. 


Dr. Farser.—Dr. Downing, what 
have you labeled these findings for 
your own catalog? 


Dr. Vircinta Downinc.—<Aecute leu- 
kemia. 


Dr. Farser.—-On this subject may 
the lady have the last word. 


REFERENCES 


1. Blackfan, K. P., and Diamond, L. K.: 
The Monocyte in Active Tuberculosis, Am. 
J. Dis. Child, 37: 233, 1929. 

2. Fountain, J. R.: Blood Changes Asso- 
ciated With Disseminated Tuberculosis. 
Report of Four Fatal Cases and Review, 
Brit. M. J. 2: 76, 1954. 

3. Sabin, F. R., Doan, C. A., and Fortner, 
C. E.: Biological Reactions to Chemical 
Fractions From Tubercle Bacilli; Identi- 
fication of Specific Maturation Factor for 
Monoeytic and Epithelioid Cells, Nat. 
Tubere, Tr. 24: 253, 1928. 

4. Parker, F., Jackson, H., Bethea, J. M., 
and Otis, F.: Coexistence of Tubercu- 
losis With Hodgkin’s and Other Forms of 
Malignant Lymphoma, Am. J. M. Se, 184: 
694, 1932. 


Medical Progress 


CHILDREN WITH MUSCULAR DYSTROPHY 


Heten M. M.D., Mirtan LenpinG, M.D., Herspert 
New York, N. Y. 


NCREASING interest in the needs 

of the many kinds of handicapped 
children has been developing in recent 
years. As a result of this interest, 
services to meet the needs of handi- 
capped children have been developed 
in the medical and health, social, edu- 
cational, vocational, and recreational 
fields. When, however, one turns to 
the children handicapped with mus- 
eular dystrophy, the impression has 
been gained that there has been less 
interest in this group and fewer serv- 
ices have been developed in the com- 
munity. The usual reason given for 
this lack of interest and of develop- 
ment of services is that museular dys- 
trophy is a progressive and incurable 
disease, and very little, if anything, 
ean be done. Another reason given 
is that very few individuals are af- 
fected by the disease. 


REVIEW OF THE LITERATURE 


A review of the American literature 
for the past ten years yields only one 
report on the needs of children with 
museular dystrophy. Morrow and 
Cohen: recently studied a group of 
twenty-nine patients with the disease. 
Over one-half of the patients were no 
longer able to walk, were confined to 
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wheelchairs, and received their edu- 
cation from home teachers. The total 
group watched television on an aver- 
age of four hours a day and one-quar- 
ter of the group spent eight or more 
hours a day in this way. Except for 
three children, no more than one hour 
a day was spent in reading. Over one- 
half did no reading. More than one- 
half of the group had no hobbies. Al- 
most one-half of the group had no 
friends. School work accounted for 
less than one hour a day. About one- 
half of the group were in grades one 
or more years behind other children 
their age. On a reading test, of 
twenty-three children who were 8 or 
more years of age, fifteen (65 per 
cent) showed reading retarded in 
terms of age expectancy. In six chil- 
dren, the retardation was five years. 
There was a tendency to emotional im- 
maturity. The children were emotion- 
ally dependent on others, especially 
their mothers. The group was found 
to be relatively incapable of tolerating 
more than the mildest degree of frus- 
tration. There was a trend toward 
withdrawal, the children seemingly 
having lost interest in an attachment 
to people, and lived more and more 
within themselves. The average I.Q. 
was 94. The educational background 
was inferior to that of other children. 
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The group seemed to have a lowered 
motivation for intelligence test per- 
formance, there was a withdrawal of 
interests from their environment, emo- 
tional immaturity, and low frustra- 
tion tolerance. The most apparent 
problem of the mothers was that of 
physical care of the children. In more 
than two-thirds of the children, there 
was need for help in the activities of 
daily living such as eating, dressing, 
washing, bathing, and toilet functions, 
and in lifting. The children in the 
group took up their mothers’ time 
rather completely, so that the mothers 
had little time left over for other ac- 
tivities. Other psychological problems 
reported by Morrow and Cohen con- 
sisted of the curiosity of neighbors and 
strangers about the child’s condition; 
coneern over distribution of the 
mother’s interest and affection; dif- 
ficulties in relationships between the 
patient and other children; anxiety 
over the hereditary implications of the 
disease ; anxiety over the ultimate out- 
come. One-third of the patients had 
no interest outside their family. The 
majority of the families expressed the 
opinion that a psychologist might be 
able to help the child and themselves. 
The mental health implications were 
significant. Parental overprotection 
was most commonly responsible for 
emotional immaturity. Rejection of 
the child was observed in only a few 
instanees. About one-half of the chil- 
dren showed satisfactory personal ad- 
justment and this was closely related 
to a close family relationship; the 
better adjusted child came from the 
better adjusted home. Morrow and 


Cohen made five specific reeommenda- 
tions: (1) the need for further school- 
ing, preferably away from home, with 
emphasis on special needs such as 
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remedial reading and the development 
of special abilities and interests; (2) 
the need for more active social activi- 
ties and organized play, and oppor- 
tunity to develop interests and hob- 
bies; (3) the importance of getting 
the child away from his home fre- 
quently; (4) the need for helping 
parents get away from home on oc- 
easion; (5) the need for psychological 
counseling for the child and his par- 
ents. 


In addition to this one report in the 
literature, Bernstein and Malter? in 
1953 studied thirty-four muscular dys- 
trophy patients and their families. In 
the thirty-four families, there were 
thirty-one children and seven adults 
with muscular dystrophy. Seventeen 
children were on home instruction, 
five attended regular school classes, 
six attended special or orthopedic 
classes, and three were not of school 
age. Due to the high incidence of 
respiratory illness and other complica- 
tions, over one-half of the families had 
annual medical bills of $300 to $800 
for the muscular dystrophic patient 
alone. One-half of the group were 
homebound with little opportunity for 
normal social contacts. Reereation 
consisted mainly of watching tele- 
vision and an occasional outing. In 
most families, the physical eare of 
the patient so drained the parents of 
physical and emotional energies that 
little strength remained for normal 
parental pursuits. Absence of trans- 
portation for seventeen children and 
four adults was a major factor in 
keeping this group almost completely 
homebound. Five children and five 
adults were receiving no medical su- 
pervision and a major problem for all 
the families was inability to obtain 
competent medical care within the 
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home. In two-thirds of the families 
marked disturbanees in interpersonal 
relationships were present and an in- 
terest was expressed in receiving some 
form of psychological help. Only one 
of the seven adults was gainfully em- 
ployed. Most of the parents indicated 
an interest in obtaining a centralized 
edueational center for their dystrophic 
children and expressed as paramount 
the need for physical therapy. Most 
families had marked recreational and 
socialization needs for adults and chil- 
dren. One-half of the families had 
housing which was considered inade- 
quate for even minimal needs of the 
patients. The parents expressed the 
belief that bus transportation to and 
from school was inadequate because 
no provision was made to assist the 
child on and off the high bus steps, 
with the result that the children were 
often prematurely excluded from at- 
tendance at school. Another need was 
for mechanical lifters for moving the 
heavier and completely helpless chil- 
dren from wheelchair to bed and 
toilet. Five children needed speech 
therapy. A majority of the families 
needed competent local medical facili- 
ties. Adult patients needed specialized 
training, vocational counseling, and 
placement services. 


REPORTED PREVALENCE OF MUSCULAR 
DYSTROPHY IN CHILDREN IN 
NEW YORK CITY 


Accurate data on the incidence and 
prevalence of muscular dystrophy are 
not available. It has been estimated 
that there are approximately 200,000 
persons with muscular dystrophy in 
the United States. Data from the 


register of handicapped children in 
New York City maintained by the 
Bureau for Handicapped Children of 
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the New York City Department of 
Health indicate that approximately 
twenty children and youth under the 
age of 21 years are reported annually 
in a community of 8,000,000 popula- 
tion. The age at which patients are 
usually reported is 5 through 9 years. 
Patients with muscular dystrophy 
comprise slightly less than 1 per cent 
of all patients with orthopedic or 
neuromuscular conditions reported to 
the New York City register (Table I). 

The degree of completeness of this 
community mechanism of voluntary 
reporting is unknown. In New York 
City, children with muscular dystro- 
phy are reported to the register from 
the following sourees: (1) practicing 
physicians; (2) hospitals, convalescent 
homes, and rehabilitation services; (3) 
health department services; (4) the 
school placement program in which 
application is made for special eduea- 
tional services such as home teacher, 
special class in publie school, or bus 
transportation to and from school; 
(5) voluntary agencies; (6) individ- 
ual inquiries from parents, ete. 


METHOD OF STUDY 


1. During 1955 the names of all 
children and youth with muscular dys- 
trophy up to the age of 21 years in 
New York City were secured from 
the register. 

2. A study form was drawn up, con- 
taining questions as to the previous 
and present needs and eare of the 
children with museular dystrophy, in- 
eluding the medical and health, social 
and family, physical therapy, oceupa- 
tional therapy, speech therapy, educa- 
tional, reereational, and vocational 
aspects. 

3. The study form was mailed to 
the families of the 185 children known 
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to the register. Replies were received 
from the families of ninety-two chil- 
dren (49.7 per cent). For the ninety- 
three children (50.3 per cent) for 
whom no reply was received from the 
family the staff of physical therapists 
of the Bureau for Handicapped Chil- 
dren made a home visit to secure the 
necessary information. Of the ninety- 
three children visited, the families of 
thirty-eight were found. 

4. Diagnosis was confirmed in 113 
children, of whom 100 were living and 
thirteen had died. Seventeen children 
were eliminated as not having muscu- 
lar dystrophy (sixteen living and one 
dead). Fifty-five families could not 
be loeated. 

5. Thus, information is available on 
130 children out of the total of 185 
(70.3 per cent). 

The remainder of this report will 
diseuss the 100 children with museular 
dystrophy known to be alive. 


TasLe Il. AGE or CHILDREN WITH 
MuscuLarR DystTROoPHY 


AGE GROUP | AGE AT ONSET | PRESENT AGE 


(YR.) _ | NO. CHILDREN | NO. CHILDREN 
Under] 12 0 
1-4 54 0 
5-9 29 13 
10-14 2 54 
15-19 2 25 
20+ 0 8 
Unknown 1 0 
_ Total 100 100 


STUDY FINDINGS OF SURVIVING CHILDREN 
WITH MUSCULAR DYSTROPHY 


Age (Table II).—The study re- 
vealed over one-half of the surviving 
children with museular dystrophy had 
the onset of their illness in the 1- 
through 4-year age group. Twelve 
children were stated to have had their 
onset during the first year of life. 
At the time of the study the largest 
group of children were in the pre- 


adolescent and adolescent age groups 
(10 to 14 and 15 to 19 years). 

Familial Incidence.—A definite fam- 
ily history of muscular dystrophy was 
reported in twenty-five children. Of 
these twenty-five, fifteen had a sibling 
with muscular dystrophy, there was 
one history of the disease in a parent, 
and nine histories of another relative. 
A possible familial history (sibling) 
was reported in two additional chil- 
dren. 

Initial Symptoms.—The study form 
contained a request to describe the 
early symptoms noticed by the par- 
ents. The most frequent early symp- 
toms listed were falling in thirty-two 
instances, and difficulty in climbing 
stairs in twenty-nine instances (Table 
IIT). 


TABLE IIT, FREQUENCY OF INITIAL 


SYMPTOMS 
INITIAL SYMPTOMS | FREQUENCY 
Falling 32 
Climbing stairs 29 
Walking 16 
Getting up 11 


Gait 9 
Weakness 7 
Head control 5 
Running 5 
Slow development 5 
Large muscles 5 
Walking on toes 1 
Sitting 3 
Standing 2 
Deformed feet 2 
Balance 1 
Unknown 3 


Current Symptoms and Signs.— 
Current major symptoms and signs in 
the 100 surviving children with mus- 
cular dystrophy in response to specific 
questions include difficulty in walking 
(96 per cent), in standing (81 per 
cent), in elevation of arms (66 per 
cent), in speech (11 per cent), and in 
wrinkling forehead (10 per cent) 
(Table IV). ‘‘Other symptoms and 
signs’’ reported included contractures 
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(8 per cent), scoliosis (4 per cent), 
deformity of feet (2 per cent), pain 
in extremity (2 per cent), emotional 
difficulty (2 per cent), and one in- 
stance each of slow learning, difficulty 
in chewing, and difficulty in closing 
lips. 
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current medical care were receiving 
their care from hospitals which are 
approved to participate in the State- 
aid Medical Rehabilitation (payment) 
Program of the Bureau for Handi- 
eapped Children (Table V). 


TABLE V. PROVISION OF CURRENT MEDICAL 


TaBLE Current SYMPTOMS CARE 
WITH- NUMBER OF 
STATUS TOTAL | WITH | OUT STATUS OF MEDICAL CARE CHILDREN 
NUM- |SYMP-/SYMP-| NO 1. Under medical care 62 
SYMPTOMS | BER | TOM | TOM | REPLY a. By hospital 51 
. Ambulation 10096 4 Approved for pediatrics 
2. Standing 100—s 81 18 1 and orthopedics 35 
3. Elevation of Approved for orthopedics 
arms 100 66 32 2 only 
4. Speech 84 5 Approved for pediatrics 
5. Wrinkling only 3 
forehead 100—=—s «10 86 4 Not approved 2 
6. Closure of b. By private physician 9 
eyes 100 94 6 General practitioner 5 
Orthopedic surgeon 4 
ce. Not specified 2 
Use of Appliances.—Fifty-five chil- 2. Not under medical care 38 
Total 100 


dren were confined to a wheelchair, 
and three additional children were 
stated to need a wheelchair. Five 
children used a combination of wheel- 
chair and braces, three a combination 
of wheelehair and erutches, and two 
used erutches only. Thirty-two ehil- 
dren used no appliances. 

Other Health Problems.—Twenty- 
five children were stated to have other 
health problems, the most frequent 
being upper respiratory infections 
(seven), visual (five), dental (four), 
bowel and bladder difficulty (three), 
and psychiatrie (three). Other health 
problems listed inelude one instance 
each of mental retardation, psychiatric 
and visual problems, and super- 
imposed poliomyelitis. ‘‘No other 
health problem’’ was reported for 
seventy children, and there was no 
answer in five cases. 


Current Medical Care.—Of the 100 
children, sixty-two were under current 
medical eare and thirty-eight were 
not. 


Most of the children under 


The study form contained a question 
on the date of the last visit for medi- 
eal eare. Fifty-two children had at 
least one medical visit within the past 
six months, and ten children within 
the period of six months to one year 
previously. Five children were stated 
to have made their last medical visit 
one to two years previously, and seven- 
teen children had had their last medi- 
eal visit more than two years ago. 
Data on last medical visit were not 
provided for sixteen children. 

Physical Therapy.—A total of sixty- 
nine children had received physical 
therapy in the past, twenty-nine chil- 
dren had never received it, and there 
was no information on two children. 

Twenty-eight children were receiv- 
ing physical therapy at present, sixty- 
seven were not, and there was no in- 
formation on five children. 

All together, a total of sixty-nine 
children had received physical therapy 


in the past or were receiving at the 
present time, or both. Of these sixty- 
nine children, eleven received it for a 
period of six months or less, seventeen 
received it for a period of six to twelve 
months, five received it for a period 
of one to two years, and six children 
received it for more than two vears. 
The duration of physical therapy 
given to thirty children is unknown. 

Of the sixty-nine children who had 
received or were reeeiving physical 
therapy, eighteen received it from a 
therapist provided by the voluntary 
muscular dystrophy organizations in 
the community, seventeen from the 
voluntary public health nursing agen- 
cies, sixteen from hospitals, and three 
from private physical therapists. One 
child each received physical therapy 
from a private physician, a chiro- 
practor, and a eombination of three 
sources, There was no information on 
the physical therapy ageney from 
twelve children. 

Occupational Therapy.—Twenty-one 
children were stated to have received 
occupational therapy in the past. Ten 
children were receiving it at present. 

Speech Therapy.—T hree children 
were stated to have received speech 
therapy in the past and were still re- 
ceiving it at present. 

Education—Of the 100 children, 
twenty-five were still attending school, 


TaBLeE VI. PRESENT EDUCATIONAL PLACE- 


MENT 
NUMBER OF 
STATUS | CHILDREN 
In school 25 
Regular class 9* 
Orthopedic class 16+ 
Out of school 67 
Home instruction 62 
In hospital 5 
Overage for school 8 
Total 100 


*Five ‘receiving special transportation. 
TtAll receiving special transportation. 
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most of whom were in special ortho- 
pedie classes. Sixty-seven children 
were out of school, most of whom were 
receiving their education from a home 
teacher. All of the children in ortho- 
pedie class in publie school and half of 
the children in regular class in public 
school were receiving special trans- 
portation to and from school (Table 
VI). 

Recreational Service.—Eleven chil- 
dren were currently receiving reere- 
ational service through an organized 
program. 

Need for Assistance-——The study 
form contained a question as to 
whether the family needed any type 
of assistance. Eighteen families indi- 
eated the need for homemaker service, 
twelve for recreation, eleven for finan- 
cial assistance, ten for transportation, 
four for applianees, and three for 
medical care for other family mem- 
bers. Of the ten families stating 
transportation needs, five commented 
on the height of the transportation 
bus step as a problem, and two com- 
mented on the need for male attend- 
ants on the buses. 

Additional Community Services Nec- 
essary.—The final question on the 
study form asked whether the needs of 


TABLE VII. AppDITIONAL COMMUNITY 
Services NEEDED 


FREQUENCY 


oF 
TYPE OF SERVICE STATEMENT 
Medical care* 34 
Homemaker service 18 
Recreational service 12 
Physical therapy 9 
Services for school-aged childt 7 
Transportation 7 
Information and counseling 
service 3 
Voeational guidance 2 
Housing 1 


*Comments included quality of medical care, 
treatment centers, guidance, therapy, trans- 
portation to clinic facilities. 

7Comments includ2d provision of special 
classes with special medical an py 
services in school, 
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patients with muscular dystrophy 
were being adequately met in the com- 
munity, Eighteen families stated that 
the present community services are 
adequate, and sixty-two families stated 
they are not adequate; twenty families 
did not reply. The most frequent 
needs listed inelude medical eare, 
homemaker service, recreation, physi- 
cal therapy, transportation, and medi- 
eal and therapy services in school 
(Table VIT). 


DISCUSSION 


The most significant of the findings 
may be summarized as follows (per- 
centages are computed after excluding 
‘not stated’’): (1) 68 per cent of 
the children were using or needed 
wheelchairs, braces, or crutches and 
may be elassified as moderately to 
severely disabled; (2) 26 per cent of 
the children had other complicating 
health problems; (3) there has been a 
multiplicity of medical agencies caring 
for these children in the past; (4) 
38 per cent of the children were not 
under current medical eare; (5) 38 
per cent of the children had not made 
a medical visit to a practicing phy- 
sician or to a hospital clinie within the 
past six months; (6) 70 per cent had 
received physical therapy at some time 
in the past, and 29 per cent were 
currently receiving it; (7) most of the 
children of school age were receiving 
their education at home; (8) 10 per 
cent of the children were receiving 
occupational therapy, and 11 per cent 
an organized recreational program; 
(9) 47 per cent of the families de- 
seribed their housing as inadequate; 
(10) 78 per cent of the families stated 
that additional community services 
were needed. 


It is apparent from these facts that 
children and youth with muscular dys- 
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trophy in a large urban area such as 
New York City have not received ade- 
quate services, from the broad point 
of view of medical eare and health 
needs. It is recognized that the 
present emphasis on research into the 
etiology of muscular dystrophy is an 
important first step. Nevertheless 
until the etiology is fully understood 
and a eure devised, it would appear 
that there is a community responsi- 
bility to provide a program of ade- 
quate medical, social, educational, and 
recreational services for children with 
muscular dystrophy and their fami- 
lies, as with any other severely dis- 
abling and chronie illness. 


The multiplicity of medical agencies 
involved in the treatment of these 
children is interesting and may possi- 
bly reflect the anxiety and appre- 
hension on the family’s part as a re- 
action toward the acceptance of the 
diagnosis of a presently incurable con- 
dition. It may also reflect the current 
lack of interest on the part of phy- 
sicians and other professional per- 
sonnel in muscular dystrophy per se, 
and in the broader needs of patients 
with muscular dystrophy and their 
families. 


There is no expectation that the use 
of physical therapy will improve the 
muscular condition. Nevertheless there 
is a possibility that, under continuous 
medical supervision, physical therapy 
on a continuing basis may be of as- 
sistance in preventing such compli- 
cations as contractures, scoliosis, and 
deformity of the feet. Furthermore, 
the use of therapy service may be 
helpful in assisting the children 
toward independence and in perform- 
ing basic activities of daily living such 
as feeding, dressing, toilet care, bowel 
and bladder control, all of which are 
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important in the day-to-day eare of 
the child by his family. 

Up to the present time in New York 
City, special medical health 
services within the publie schools have 
heen provided only for children with 
cerebral This serviee has 
made it possible for children who are 
moderately to severely disabled with 
cerebral palsy to receive simultaneous 
education, medical care, therapy 
services, and social service, as well as 
to benefit from the socializing experi- 
ence of attendance at school with other 
children. That this same program 
should be expanded to inelude other 
moderately to severely handicapped 
children, such as those with museular 
dystrophy or poliomyelitis, seems 
clear. At the present time, this need 
is heing discussed in New York City 
for children with handicapping econ- 
ditions other than cerebral palsy. 

While housing is usually considered 
to be a social need, at times it has 
medical and health implications. For 
example, in an urban area, inadequate 
housing may be a contributory faetor 
in preventing patients from receiving 
continuous medical care, from attend- 
ing school, or from receiving vocation- 
al or recreational services, if the dis- 
abled patient cannot manage to climb 
stairs. So, too, is this true of the need 
for an effective transportation system 
for the handicapped. 


~ 


The fact that in 25 per cent of the 
children with museular dystrophy 
there was a definite familial history, 
and that 15 per cent had a sibling 
with muscular dystrophy, is of epi- 
demiologieal significance. From the 
viewpoint of early case finding of pa- 
tients with museular dystrophy, close 
medical observation of the patient’s 


family members would be of great as- 
sistance in early diagnosis. 

One of the controversial issues in 
the administration of a handicapped 
children’s program is the question of 
operation and maintenance of a regis- 
ter of all reported cases. It is ree- 
ognized that a system of reporting, 
either voluntary or mandatory, will 
usually not result in the reporting of 
all eases in any community and there- 
fore will give only an estimate of the 
extent of a disease. Nevertheless, a 
register can be helpful in providing a 
listing of reported cases and therefore 
serve as a basis for determining the 
needs of patients for services. On a 
broader basis, it can also be of as- 
sistance in evaluating how adequately 
a community is meeting such needs. 


SUMMARY 


A study of 185 children and youth 
reported with muscular dystrophy to 
the New York City register revealed 
that 130 could be located. Of the 130 
located children, 113 had museular 
dystrophy, of whom 100 were still 
alive. The study of the 100 surviving 
children with museular dystrophy re- 
vealed that as a group there is con- 
siderable need for improvement of 
medical and health, social, edueational, 
and recreational services. 
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PSYCHOTIC REACTIONS OCCURRING IN TWO ADOLESCENT GIRLS 
DURING TREATMENT WITH ACTH AND CORTISONE 
M. Apams, M.D., Reynotp A. JENSEN, M.D., AND 
Rosert A. Goop, Pu.D., M.D.* 
MINNEAPOLIS, MINN. 


EVERE emotional disturbances and 
frank psychotie reactions in pa- 
tients under treatment with ACTH 
and cortisone have been described 
since the first papers steroid 
therapy were reported. 7 
During the first clinical ACTH con- 
ference in 1950, Hoefer and Glaser* 
reported on a group of fourteen pa- 
tients who had received 15 to 200 mg. 
of ACTH daily for various conditions. 
Each patient in this group had mani- 
fest change in behavior varying from 
alternating moods to frank mental 
disturbanees. Three were so disturbed 
as to require psychiatric treatment, 
which included eleetroshock therapy. 
Hench and associates* observed mental 
changes in fourteen of twenty-three 
patients with rheumatie fever, rheu- 
matoid arthritis, and other ‘‘collagen 
diseases’’ who received ACTIL or 
cortisone. With the appearance of the 
typical Cushing-like syndrome these 
patients complained of substernal op- 
pression, retro-orbital tension, and al- 
ternating periods of activity followed 
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by weakness. The euphoria noted in 
some of the patients was interpreted 
to be the result of relief from arthritic 
pains and feelings of invalidism, en- 
haneed by an increase in mental ae- 
tivity. The severity of symptoms re- 
ported seemed related to the amount 


and duration of medication adminis- 
tered. 


In the same year Thorn and co- 
workers' reported similar mental 
changes in their patients and eon- 
eluded that they were related to dis- 
tortions of the patient’s pretreatment 
personality. The few psychotic re- 
actions noted were observed only in 
patients with pre-existing diseases of 
the central nervous system. Thorn 
mentioned several adolescent patients 
who had shown emotional disturbance 
during hormonal therapy but did not 
elaborate on his observations. 

Taylor and associates’ reported on 
twenty-six adult patients receiving 
ACTH because of advanced malig- 
nancies. Twenty-two of these showed 
mental changes, e.g., euphoria, hypo- 
mania, followed by depression and 
schizophrenic-like reactions. These 
changes were transitory and lasted no 
longer than three weeks after termi- 
nation of the drug. This group is of 
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special interest because all of the 
patients were of advanced age in 
which the anticipated incidence of 
mental disturbance might be greater 
than in a younger group. 

Rome and Braceland® classified the 
mental disorders observed during 
steroid treatment into four grades, de- 
pending upon the severity of reactions. 
-atients classified in grade 1 developed 
a sense of well-being and showed a 
tendeney to euphoria. These changes 
were explained as a relief from pain 
and invalidism. Grade 2 was regarded 
as a quantitative elaboration of grade 
1. Patients in grade 2 were more 
sensitive to stimulation, more easily 
excited, and tended to show fluctu- 
ations in mood. Patients in grade 3 
were tense, anxious, hyperkinetic, and 
fearful. The authors suggest this re- 
action ‘‘indicates a pathologie adapta- 
tion to stress based on a prior psycho- 
logical vulnerability.’’ Patients in 
grade 4 were frankly psychotic. It 
was the authors’ opinion that the 
character of the psychosis was _ basi- 
cally an expression of the patient’s 
prepsychotie personality. 

In 1951 Derbes and Weiss’ sum- 
marized data available to that date in 
a booklet Untoward Reactions of Cor- 
tisone and ACTH. They found the 
main aberrations in behavior to in- 
clude anxieties, phobias, hypomania, 
depression, and schizophrenie-like re- 
actions. 

Despite extensive 
havioral disorders associated with 
hormenal therapy are still poorly 
understood. Their incidence has not 
been determined, etiological factors 
have not heen clearly elucidated, 
methods of early recognition have not 
presented, and effective tech- 


study the be- 
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niques of treatment are still unknown. 
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For example, expressed opinions 
vary as to the factors which are re- 
sponsible for the psychic reactions ob- 
served in patients receiving steroid 
therapy. Rome and _ Braceland,® 
Glaser,’ and Thorn and associates* be- 
lieve that the personality structure of 
the patient receiving steroid treatment 
is the single most important factor in 
the development of psychie disturb- 
ances. Rome and Braceland® elaim 
that any predisposed person receiving 
ACTH or cortisone for a period of six 
to eight weeks may become psychotie. 
The patient’s habitual mode of re- 
action to stress is regarded to be most 
important. From their observations, 
Lidz and co-workers’? feel that psycho- 
logic changes can be dissociated from 
the physical stigmas associated with 
steroid treatment. Lewis and Flem- 
minger,"? who observed psychic 
reactions in patients who had severe 
emotional disturbances and mental ill- 
nesses prior to ACTH or cortisone 
treatment, do not regard the pretreat- 
ment personality structure important 
in the steroid induced psychoses. 

Fox and Gifford’? interviewed sixty- 
four adult patients, including twenty 
patients with nervous disorders, be- 
fore, during, and after treatment with 
ACTH and cortisone. These authors 
confirmed the previously observed 
elation of mood during therapy and 
depression which often occurs after 
steroid medication has been discon- 
tinued. The euphoria did not seem to 
depend upon the alleviation of pain. 
They postulated that the nature of the 
psychologic responses to hormonal 
therapy depends upon the reduction 
of tension by a process not yet under- 
stood or by the satisfaction of an un- 
recognized ‘‘need’’ of the body. 
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Trethowan and Cobb’ discussed the 
neuropsychiatric aspects of the ‘‘spon- 
taneous’’ Cushing syndrome which 
occurred predominantly in women, 
especially after childbirth. The 
symptomatology of such mental dis- 
turbances were strikingly similar to 
those induced by steroid treatment. 
Of the behavioral disturbances asso- 
ciated with steroid therapy only the 
elation of mood was not observed in 
patients with a Cushing’s syndrome 
oceurring spontaneously. 


A proper evaluation of emotional 
disturbances associated with treatment 
with ACTH and cortisone can be 
made only by intensive and incisive 
psychologie and psychiatric studies be- 
fore, during, and after the treatment. 
Such studies have been made by Fox 
and Gifford,'? Hollender,?® MeLaugh- 
lin and associates,'’ and Rees.‘* Thus 
far none of the patients studied in this 
manner have developed psychotic re- 
actions and the conclusions as to the 
pathogenic factors in psychotic re- 
actions in steroid treated patients 
remain speculative. Hollender’® con- 
cluded that the euphoria represents a 
pharmacologic effect of the hormones. 
The apprehension which often develops 
later, he attributed to fear of addic- 
tion to the elation-producing effect of 
the drugs. In opposition stands 
McLaughlin’? who regards the emo- 
tional disturbances of patients on 
hormone therapy to be due entirely to 
the psychodynamic factors associated 
with the administration of the drugs 
and not to the pharmacologic effects 
of the drugs themselves. According to 
McLaughlin the emotional adjustment 
of the patient to the therapy, his 
disease, and his physician are of para- 
mount importance in the development 
of these reactions. He also feels that 
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the beneficial effect of these drugs on 
the underlying physical disease and 
the support of the physician’s hopeful 
attitude often restore aggressiveness 
which the patient is unable to express 
freely because of his physical confine- 
ment. Such pent-up impulses may 
gain an outlet in the form of hostile 
behavior and irritability, Rees'* ex- 
plained the effects brought about by 
ACTH as (a) suggestion by the thera- 
peutic procedure, (b) relief or pros- 
pect of relief from physical suffering, 
(ec) direct action of the hormone on 
the central nervous system, and (d) 
the psychodynamic effects of the ae- 
companying physical changes. This 
author regarded the constitution of the 
patient an important factor, also the 
predisposition to psychiatric break- 
down, and the patient’s capacity for 
adjusting to internal and _ externai 
changes. 

Of practical interst are the obser- 
vations of Clark and collaborators.’® 
These authors described patients who 
had shown severe psychic disturbances 
during ACTH and cortisone treat- 
ment. The patients did not again be- 
come emotionally disturbed when the 
steroid treatment was repeated at a 
later time. 

Evidence indicating that these hor- 
mones have a direct effect on the cen- 
tral nervous system itself has been 
submitted from several quarters. 
Dorfman and associates®”’ reporting on 
forty children receiving moderate 
doses of ACTH, noted that three de- 
veloped convulsive seizures. Two of 
these had ‘‘toxie delirious reactions’’ 
prior to the seizures. Woodbury and 
Sayers”! found that the electroshock 
seizure threshold of rats was decreased 
by ACTH. In the study by Hoefer 


and Glaser,” 80 per cent of the pa- 
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tients studied developed abnormal 
electroencephalograms while on _hor- 
monal therapy. Although no specific 
electroencephalographie change was 
produced, a high percentage was ob- 
served to include slowing of the alpha 
rhythm, development of slow wave 
pattern, and, in some instances, spike 
discharges. 

Emotional and psychologie reactions 
of children to steroid therapy are 
mentioned by several authors. Brody** 
mentioned one boy, aged 12, in his 
series of eight patients who, while 
under steroid therapy for lupus ery- 
thematosus, developed nightmares and 
showed marked fluetuation in mood. 
Personality factors were felt to be im- 
portant in this ease. Goolker and 
Schein®* mentioned two children, aged 
10 and 13, in their report on eighty 
patients developing emotional disturb- 
ance while on ACTH or cortisone. 
They observed aberrations of behavior 
to be less frequent in the younger age 
group. They conelude that the oe- 
currence of psyehologie disturbances 
depends upon the dosage of steroids 
used—being more frequent when 
larger amounts were given. These 
untoward reactions were observed to 
occur early in the course of therapy. 

So far as could be determined, the 
emotional reactions of steroid therapy 
in children and adolescents have not 
been reported in detail in the pedi- 
atrie literature. During the past two 
years at the University of Minnesota 
Hospitals, two adolescent girls, aged 
15 and 17, respectively, who received 
steroid therapy for 


high doses of 


physical illness, became frankly psy- 
chotie and required intensive psychi- 
atrie study and treatment. Beeause of 
the ominous nature of these reactions, 
these two eases are reported to empha- 
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size the need for close observation of 
patients receiving ACTH or cortisone 
and for consideration of possible 
psychiatric vulnerability of patients 
while under treatment with these hor- 
mones. These considerations become 
especially important in the face of the 
current tendency to use large doses of 
these hormones in the treatment of 
many diseases. 


CASE REPORTS 


S. O. (U. TL. No. 869440), born Dee. 
6, 1938, was under treatment for acute 
rheumatie fever with arthritis and 
endocarditis from April 14 to July 27, 
1954. Her illness, acute in onset, oe- 
curred while in a distant city. She 
had run away from her home with a 
girl companion. 

Medical History.—Gestation, birth, 
and developmental history were 
normal. Though she had had the 
usual childhood diseases and a_ ton- 
sillectomy and adenoidectomy at the 
age of 7, she had always been regard- 
ed a healthy youngster. She had 
matured early. 

Two months prior to her illness she 
had complained of a sore throat and 
fever. The acute rheumatie fever be- 
gan about one week before admission 
to the hospital, with swelling of the 
right ankle. She at first attributed 
the swelling of her ankle to an auto 
aecident, but the subsequent involve- 
ment of several other joints associated 
with fever and malaise necessitated 
admission to the hospital for study 
and treatment. 

Psychiatric History.—S. was the 
youngest of three children. An older 
brother was serving in the Armed 
lorees; an older sister, reported as 
the mother’s favorite, worked. Her 
family background was poor, with 
much parental diseord in her early 
years of life, due to the father’s al- 
eoholism, irresponsibility, and infi- 
delity. Though her parents were di- 
voreed when she was 6, she continued 
to be fond of her father. The mother 
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was a tense, nervous person who had 
been harsh and impatient with S. 

The mother suddenly remarried 
without confiding in her children, 
which our patient deeply resented. 
The mother’s remarriage resulted in 
termination of S.’s visits with her own 
father. The second marriage was not 
a happy one due to the marked dislike 
S. had for her stepfather. One year 
prior to S.’s illness her mother and 
stepfather were separated. During her 
stay in the hospital, S.’s stepfather 
returned home. 

S.’s academic achievement was al- 
ways poor. As a consequence she was 
frequently a truant from school, about 
which her mother did little. In gen- 
eral, the mother’s supervision of the 
child was inadequate. S. O. associated 
with adolescents considerably older 
than she. Her mother thought she 
kept company with a ‘‘fast crowd.”’ 
She had several ‘‘boy friends.’’ 
During the period when she was away 
from home, at the onset of her rheu- 
matie fever, she had been in the 
company of young men for several 
days. So far as could be determined 
by examination, she had not been ex- 
ploited. 

Physical Findings——On admission 
to the hospital S. was a blond, obese, 
well-developed girl of 15. Several 
joints were red and _ swollen. The 
heart was not enlarged but there was 
a grade 2-3, rough, apical systolic 
murmur. The other physical findings 
were negative. Her temperature was 
101.4° F., the sedimentation rate was 
115 mm. in 60 minutes (Westergren), 
the mucoprote:ns were 14.3 mg. per 
cent mucoprotein tyrosine, and C- 
reactive protein 2+. Her hemoglobin 
was 11 Gm. per cent. Group A hemo- 
lytie streptococci were cultured from 
the throat. After comprehensive physi- 
eal study following hospital admission, 
treatment with ACTH in a daily dose 
of 200 mg. (150 mg. per square meter) 
was begun. 

Course in the Hospital—The rheu- 
matie manifestations subsided prompt- 
ly after hormonal therapy. The fever 
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abated, arthritis cleared, and the 
cardiac murmur diminished. Quanti- 
tative laboratory studies reflected the 
clinical improvement. Over a four- 
teen-week period she had_ received 
11,810 mg. of ACTH. Daily dosage 
was being reduced gradually to 100 
mg. per day at the onset of the psy- 
chotie reaction. 

Within three weeks of steroid treat- 
ment she developed a marked Cushing 
syndrome with obesity, hirsutism, 
striae, and marked aene. Because of 
these side effects to the ACTH therapy 
and because of good improvement of 
the acute rheumatie fever, ACTIIL was 
slowly reduced. During the reduction 
of ACTH to 100 mg. daily, S. de- 
veloped the emotional and behavioral 
changes which will be described later. 
Three days after the onset of the 
first signs of psychologic disturbance, 
ACTH was discontinued and replaced 
by cortisone. Six days later all steroid 
medications were discontinued. The 
rheumatie fever did not relapse and 
the patient went gradually back to 
full physieal activity. 

Psychotic Episode-——With develop- 
ment of Cushing syndrome, S.’s at- 
tractive features were strikingly 
changed. Nevertheless, she seemed to 
adjust well to the hospital routine and 
management. During the fifteenth 
week of treatment she suddenly ex- 
pressed marked fears about her illness 
and that she was going to die. Her 
attitude toward her roommates with 
whom she had previously been on good 
terms changed. She became suspicious 
of everyone and misinterpreted any 
efforts to comfort her. She ‘‘con- 
fessed’’ having eaten some _ salted 
candy which she said ‘‘might kill 
her.’’ She began to express feelings 
of guilt about her run-away episode 
and worr‘ed that her parents did not 
like her or eare for her.. She com- 
plained of being ‘‘all confused, all 
mixed up.’’ 

Four days after the onset of mental 
symptoms she became frankly psy- 
chotic, requiring transfer to the chil- 
dren’s psyehiatrie service, where she 
remained for six weeks. 
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During the first two weeks she was 
delusional, hallucinated freely, and was 
disoriented for time and place. She 
was immodest and antisocial. She be- 
lieved the food offered to her was 
poisoned, At times she was in a 
catatonic stupor. The symptoms and 
signs of her illness could best be de- 
scribed as resembling a paranoid 
schizophrenic reaction with catatonic 
features, 

During the acute phase of her ill- 
ness she was preoccupied with sexual 
matters. Following her arrival on the 
psychiatrie service she simulated all 
stages of labor, insisting she was 
having a baby. She repeatedly called 
for a policeman or a doctor, who she 
insisted was at her window, to help 
her. She wanted her stomach cut out 
and her heart operated upon. She 
ealled to several of her boy friends. 
She exposed herself indiscriminately, 
complained of palpitation, shortness of 
breath, and a sore back. 

Two days following transfer to the 
children’s psyehiatrie service, she be- 
came completely catatonic, sitting in 
her bed for hours motionless with her 
eyes closed or standing before the door 
to the ward immodestly dressed. She 
insisted ‘‘cotton has been put in my 
ears’’ and ‘‘two scissors will eut out 
my heart.’’ On one occasion she said 
‘*There are two babies in my bed. I 
am one baby.”’ 

An attempt was made to interest 
her in taking several projective psy- 
chologie tests.* These were unsuccess- 
ful since she complained of hearing 
voices repeating obscenity and was 
therefore unable to listen to them and 
to the psychologist. While refusing to 
respond to the tests, she suddenly 
wrote, ‘‘You GG. shot my mother be- 
eause this B is giving reports that box, 
yes, is to make me nuts because of 
my heartbrain.’’ She referred to the 
psychologist as the father of her baby. 
Her suspiciousness and_ agitation 
finally beeame so marked that it was 
useless to continue with the tests. 


by W. Wolking, Psycholo- 


Twelve days after the onset of the 
psychosis she began to improve spon- 
taneously. As she gained and sus- 
tained longer periods of contact with 
reality, she expressed marked concern 
about her physical appearance. The 
gradual disappearance of her acne and 
hirsutism heartened her. During this 
time she wrote voluminously and 
amorously to her boy friends, telling 
them she was ‘‘in the nutty part of 
the hospital.’’ She expressed affection 
toward them and talked about mar- 
riage with several of them. 

During and following the acute 
phase of her illness she was seen in 
daily interviews by her physician. 
Toward the latter part of her psy- 
chosis she expressed strong feelings of 
guilt about sexual matters, spoke of 
her hostile feelings toward her mother 
and older sister, whom she believed 
she had electrocuted. She talked free- 
ly about her home situation, about her 
dislike for her stepfather, and sug- 
gested that she was responsible for his 
having left the home. She frequently 
tested ‘‘reality’’ by asking if she was 
‘‘really going to have a baby,’’ ‘‘if 
the food was really poisoned,’’ or ‘‘if 
it was only a dream.’’ On one oe- 
easion she saw purple mice running 
in her hair, but quickly was able to 
differentiate between ‘‘these ideas’’ 
and reality. 

Psychologie tests were completed at 
the end of the fourth week of the 
mental illness. The Wechsler Intelli- 
gence Seale revealed S. to be of 
borderline intellectual capacity; the 
I. Q. was 76. However, the psycholo- 
gist felt that this result was probably 
below her usual functioning capacity. 
On a repeat test done three months 
after the psychosis, S. achieved an 
I. Q. of 91, which was felt to present 
her full capacity. Personality tests 
revealed a basically hysteroid and com- 
pulsive girl with relatively little in- 
sight into, and consequently inability 
to profit from her past and present 
experiences. 

S.’s mother had visited her daugh- 
ter only when it was necessary to see 
the doctor. Her ambivalence toward 
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her daughter is well illustrated by the 
simple fact that she would frequently 
change her mind about taking S. out 
of the hospital or having her remain. 
The real father had visited a few times 
when S. was in the heart hospital. 
During one of his visits, he had 
brought the candy which contained 
salt. S. continued to be fond of her 
father, but was ashamed of his un- 
kempt appearance. 

After S. had been transferred to the 
heart hospital, she again expressed 
anxiety about her rheumatic fever. 
She had to be reassured that her con- 
dition had improved. She became de- 
pendent upon her physician and 
wanted to be taken back to the psy- 
ehiatrie ward. As her anxiety sub- 
sided, she became obsessed with the 
idea of going home immediately. In 
this she was supported by her mother, 
who took her out against medical ad- 
vice on July 27, 1954. 


Outcome.—sS. adjusted satisfactorily 
at home. Through our efforts she re- 
ceived home-bound teaching and mani- 
fested an interest to continue high 
school. Later on, with the increasing 
tension in her home, she decided to 
quit school as soon as she became 16. 
On return visits she was able to reeall 
several incidents of her psychotie epi- 
sode, but she seemed to have lost 
memory for a large period of her 
mental illness. 

On her last visit to the hospital, she 
was well groomed in a _ tomboylike 
fashion. The Cushing-like appearance 
had considerably improved. She had 
lost weight but had remained a rather 
plump, well-developed teenager. There 
was no clinical evidence of either psy- 
chotie or neurotie tendencies. 

Our second patient, L. H. (U. H. 
No. 849589), born Dee. 13, 1936, was 
admitted to the hospital because of a 
chronic, plasmacellular hepatitis with 
arthritis, erythema nodosum, and 
bloody diarrhea. Because of inecreas- 


ing deterioration of the liver functions, 
long-term ACTH and cortisone thera- 
py was instituted. At the time treat- 
begun, 


ment was serum gamma 
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globulin was elevated to the very high 
level of 6.4 Gm. per cent. 

Medical History and Course of Ill- 
ness.—L. was the product of a normal 
pregnaney and birth. When artificial 
feeding was offered at the age of 5 
months, she developed infantile eecze- 
ma. This persisted until she was 2 
years of age. Childhood illnesses had 
been uncomplicated. At age 13 she 
developed severe asthma which im- 
proved considerably under allergy 
management. She continued to re- 
quire Adrenalin and aminophylline 
until steroid therapy was started. 

Her present illness began in the 
spring of 1952 with watery, blood- 
containing diarrhea, pains in both 
large and small joints, skin rash, and 
low-grade fever. Six months later, 
during a second attack, she developed 
jaundice with a bilirubin level of 6.3 
mg. per cent and elevation of gamma 
globulins. A liver biopsy done in 
October, 1952, showed a chronic, non- 
specific hepatitis with intensive plasma 
cell infiltration of the portal spaces 
and interstitial tissues. After un- 
suecessful dietary treatment and evi- 
dence of progressive liver destruction, 
ACTII was instituted on Feb. 4, 1953. 
With a daily dosage of 100 mg. the 
arthritis and skin lesions subsided and 
the jaundice disappeared. Fourteen 
days after the beginning of ACTH 
therapy the serum globulin had de- 
creased from 10.6 to 3.6 Gm. per cent, 
but some of the liver function tests 
still remained abnormal. By the end 
of February, 1953, L. had gained 
weight and had developed a typically 
moderate Cushing-like syndrome. In 
March, 1953, ACTH was discontinued 
and treatment with a comparable dose 
of cortisone begun. Except for one 
interruption during which ACTH was 
again administered, she received corti- 
sone every day in a dosage ranging 
from 25 to 100 mg. until the outbreak 
of the psychotic reaction. 

The subjective and objective find- 
ings of the chronie liver disease im- 
proved gradually. A _ second liver 
biopsy on Aug. 31, 1954, revealed a 
liver with an essentially normal archi- 
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tecture. Prior to the operation, 
ACTH in high doses of 240 mg. per 
day were given in an effort to stimu- 
late the presumably resting adrenal 
glands. Just prior to surgery, corti- 
sone was given in a daily dose of 400 
mg. per day for three days, and then 
gradually tapered off to a dosage of 
100 mg. daily. Altogether, in a period 
of 20 months L. had received 4,460 
mg. ACTH and 31,535 mg. cortisone. 
Following the psychotie episode, L. 
has remained under close observation 
until the present. Without further 
steroid therapy, the Cushing syndrome 
disappeared and the girl seemed 
healthy and physieally active. But 
liver tests done on March 2 and June 
29, 1955, showed return of the diffuse 
liver disease.. An _ electroencephalo- 
gram at the time of hospital discharge 
was abnormal. Unfortunately, no 
electroencephalogram was done during 
the psychotie episode. 

Psychiatric History.—t. is the old- 
est child of a _ well-established, eco- 
nomiecally secure family. She has a 
younger brother, six years her junior, 
and so far as ean be determined had 
a happy childhood. Because of a pre- 
cocious early development, school be- 
gan at the age of 5. She has always 
been an outstanding ‘‘A’’ student, 
has enjoyed school, and wanted to be- 
come a teacher when grown up. She 
was active in extracurricular activities 
and often a leader. Beeause of the 
severe asthma, since the age of 13, 
restrictions, especially in regard to 
food, had been placed upon her, to 
which she seemed to adjust very well. 
She seemed to have accepted the 
changes in her life due to the present 
illness. During her seven hospital ad- 
missions she had been a cooperative 
and engaging patient. 

Although her pediatrician had ex- 
plained thoroughly the main physical 
changes to be anticipated consequent 
to steroid therapy, both L. and her 
mother had been quite terrified when 
these changes actually oceurred. 
Neither patient nor mother had openly 
expressed concern until the onset of 
the psychotie episode. 


On the evening of Sept. 24, 1954, 
while at home, L. was informed by an 
unauthorized person of the death of 
a former favorite hospital roommate 
who had suffered from leukemia. Fol- 
lowing this call she seemed depressed 
while talking with her mother. Early 
the following morning she crawled 
into her mother’s bed, sucked her 
thumb, and asked “Who is N.?” the 
name of the deceased girl. From this 
time on she began actively to halluci- 
nate, did not recognize her mother, 
and complained of ‘‘bleeding to 
death.’’ She was psychotic and was 
admitted to the psychiatrie depart- 
ment of the hospital. 

Psychotic Episode.—On admission 
to the psychiatric ward she was con- 
fused, disoriented, irrational, and de- 
pressed. She perseverated, repeating 
‘There is no God,’’ and ‘‘ As long as 
I am talking, we are all dead.’’ She 
was lucid for a few hours, but quickly 
regressed into a catatonic state with 
stereotype movements, and had audi- 
tory and visual hallucinations. She 
believed she was the mother of a prize 
fighter. She refused all food and 
fluid, and when encouraged to take 
fruit juice, spit it out. She was in- 
continent of urine and feces, and re- 
mained awake until paraldehyde was 
administered. Five days after the 
onset of the psychosis she hecame com- 
pletely withdrawn, negativistic, and 
mute. Because of the severity of the 
psychosis and the difficulty of provid- 
ing physical care, electroshock treat- 
ment (EST) was initiated. After her 
first treatment she crawled into her 
bed, assumed the fetal position, and 
continued to be unresponsive. A 
second EST was given the same day, 
after which she seemed to be more 
relaxed. However, she sucked her 
thumb, became quite facetious, and 
uttered laughingly, ‘‘I know what’’ or 
**T do not say.’’ She continued with 
her stereotype movements, though at 
times she became physically aggres- 
sive. After her third electroshock 
treatment, she seemed able to make 
some contact with her environment. 
She was observed to look into a mirror 
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and find her face ‘‘funny.’’ How- 
ever, she continued to express para- 
noid ideas about people whispering 
in the hall, and her affect remained 
superficial and shallow. Contact with 
reality increased as the next few days 
passed. She repeatedly asked why she 
was on a ‘‘psychopathie ward’’ and 
stated that ‘‘This is a station for crazy 
people, but nobody thinks he is crazy 
and I am not erazy either.’’ 

In daily interviews with her phy- 
sician, she indicated she had ‘‘to hurry 
up’’ to aecept the death of her room- 
mate so that she could leave the hospi- 
tal soon. She repeatedly expressed 
concern about the nature of her own 
illness, and began to show extreme 
hostility toward all persons taking 
eare of her, including her pediatrician, 
of whom she previously had been very 
fond. She became belligerent, assault- 
ive, and demanded to be immediately 
released from the hospital. At this 
time she exhibited maniclike behavior 
with marked flight of ideas. 

After eight electroshock treatments 
(fourteen days following the onset of 
the psychosis) this form of therapy 
was discontinued. During the follow- 
ing days L. expressed much guilt 
about her critical and abusive be- 
havior. She became concerned about 
causing her parents so much worry 
and about missing school. 

Following the termination of the 


electroshock treatment, psychologic 
tests were administered.* On _ the 
Wechsler Intelligence Secale _ she 


achieved an I. Q. of 92, which was 
considerably lower than her usual in- 
tellectual functioning. Retests done 
five months after the psychotic episode 
demonstrated adequate intellectual ea- 
pacity with an I. Q. of 116. No im- 
pairment of her visual-motor function- 
ing was apparent. The Bender-Gestalt 
Test was unusual in that the figures 
produced were extremely large. 
Personality tests (Thematic Apper- 
ception Test) suggested that she iden- 
tified herself with her father, whom 
she called her ‘‘best pal.’’ There 


*Administered by W. Quast, Psychologist. 
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were some indications of hostile feel- 
ings toward the mother. Performance 
on the Rorschach Test indicated little 
creativity at the time of testing. Most 
of her responses, ten altogether, were 
regarded by the psychologist to be at 
a very basal level. The MMPI (Min- 
nesota Multiphasie Personality Inven- 
tory) was within the normal limits for 
age, with suggestive evidence of her 
being repressed and resistant. Test 
performance suggested she was im- 
mature in her heterosexual develop- 
ment (in this regard, it is important 
to bear in mind her long-standing ill- 
ness and changes in the physical ap- 
pearance which had kept L. from 
having the usual experiences with boys 
and girls of her age). 

In summary, L. impressed us as 
a young lady of 17 with adequate in- 
tellectual abilities, who, in retrospect, 
tended to repress her innermost feel- 
ings and ideas. She had been taught 
to conform to-striet moral, scholastic, 
and ethical standards. Her way of 
life had been adequate while in the 
secure and stable home situation. This 
adjustment was sustained during a 
long-standing illness and treatment 
with steroid compounds until she ex- 
perienced a severe emotionally trau- 
matie experience. It was after this 
that she became acutely psychotic, re- 
quiring hospitalization. She recovered 
in approximately six weeks. 

Outcome.—On discharge from the 
hospital on Oct. 22, 1954, L. had re- 
gained and maintained most of her 
former composure and stability. She 
was able to funetion fairly adequately 
in her environment. For a time-she 
continued to be somewhat shallow in 
her affect, and was easily distracted by 
noises. A return to her suspicious- 
ness was apparent when an electro- 
encephalogram was done. She became 
anxious until the procedure was exact- 
ly explained to her. With the passing 
of time, these features of her psy- 
chiatric illness gradually disappeared. 
She has continued to be well adjusted 
and has made progress academically. 
Following graduation from high 
school she entered college. 


ay 


676 THE JOURNAL OF PEDIATRICS 


Subsequent to the oceurrence of the 
psychosis, hormone therapy was not 
given. However, six months later liver 
disease recurred and treatment with 
steroid therapy was again necessary. 
During the initial phases of therapy, 
when a large dosage of hormone was 
required, the patient experienced a 
feeling of ‘‘ pressure in her head’’ and 
frontal headache, which began ap- 
proximately one hour after adminis- 
tration of the drug. Reduction of the 
dosage of hormone to a lower main- 
tenance level resulted in abatement of 
this side reaction. She has now been 
kept on a moderate dose of steroid 
hormone for five months without re- 
currence of behavioral abnormalities. 


DISCUSSION AND CONCLUSIONS 


The development and course of 
mental illness oceurring in two girls 
in late adolescence during therapy 
with large doses of ACTH and corti- 
sone are presented. While it is well 
known that changes in behavior, emo- 
tion, affect, and sensorium ean occur 
as a consequence of steroid therapy, 
very little about the essential nature 
of these changes has been presented. 
In their reeent review about mental 
disturbances associated with ACTII 
and cortisone, Quarton, and _asso- 
ciates®® stated that at present there are 
no hypotheses to explain this iatro- 
genie complication satisfactorily. 

The role of the adrenal hormones on 
the psychologic affect in normal indi- 
viduals has been brought inereasingly 
into the foreground. Selye’s'* theory 
of adaptation to stress and his con- 
cept of the alarm reaction and its 
operation through the hypothalamie- 
pituitary-adrenocortieal system has 
been supported by most authors, and 
may be important to consider in re- 
gard to the steroid-induced psychoses. 
Engel'* in reference to Selye™ relates 
the response of the adrenal glands to 
stress situations. He holds that 


homeostasis in the presence of stress 
requires continuous supply of adrenal 
hormones. In the organism not sub- 
ject to stress, comparable amounts of 
hormone induce physical and physio- 
logie changes recognized as Cushing’s 
syndrome. It may be that in some 
way an overdosage of hormones sensi- 
tizes the patient who, beeause of ill- 
ness, is under foreed rest. In the 
presence of excessive hormone in the 
body, a response to mild stressful 
stimuli may be interpreted as a severe 
stress with the resultant commensurate 
severe emotional upheaval or even psy- 
chotie reactions. During adolescence, 
the hormonal systems are already in a 
temporary state of physiologie im- 
balance which may contribute to a 
labile internal milieu. The question 
must be asked whether it is the ex- 
ogenous hormone itself, disturbed 
pituitary adrenal funetion, disturbed 
hormonal balance, or even some sec- 
ondary metabolic disturbance pro- 
duced by hormone therapy which 
results in the steroid-induced psy- 
chosis. That a correlation exists be- 
tween dosage and duration of steroid 
medication speaks in favor of a rela- 
tively direct effect.*:** There ean be 
little doubt that personality structure 
and psyehologie factors play a role in 
the symptomatology presented during 
the emotional upset. However, from 
our observations we must agree with 
Lidz and _ eo-workers,’® Lewis and 
Flemminger,'' and others that these 
factors are not of primary importance 
in the production of the mental illness. 
An emotionally well-adjusted person 
such as L. H. apparently ean be made 
vulnerable to a psychotie reaction by 
high dosage or prolonged ACTH or 
cortisone therapy when subjected to a 
sudden traumatie event. 


‘ 
il 
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Though present evidence suggests 
that the prognosis of the psychotic 
reactions induced by steroid therapy 
is generally favorable, threatening ex- 
periences such as those herein reported 
make consideration of possible psy- 
chotie reactions important in the de- 
cisions to use these hormones and the 
dosage to be employed, as well as the 
duration of treatment. Following the 
observation of the two cases presented, 
we have started a program of close 
psychiatrie observation of all children 
receiving ACTH, cortisone, or pred- 
nisone therapy. Especially have we 
been coneerned with those 10 to 16 
years of age. Two of five additional 
children being closely studied have 
already shown emotional disturbances 
in connection with cortisone treat- 
ment. One of them, a girl of 12, was 
observed to identify herself with one 
of the children who had become psy- 
chotic. She developed an emotional 
upset centered about imaginary heart 
symptoms. Another patient, a boy of 
14, had become confused about the 
symptoms of his illness, being unable 
to dissociate them from those pre- 
sented by a patient severely ill with 
nephrosis. Fortunately, these disturb- 
ances were temporary and disappeared 
without specifie therapy. All children 
observed have shown some concern 
about the physieal changes induced by 
the hormone treatment. But only in 
our first ease (S. O.) did these changes 
seem to play a major role in the 
mental confusion. In observing these 


patients, influence of the medication 
and influence of the long-standing ill- 
ness and hospitalization have to be 
carefully differentiated. 

The possibility that steroid hor- 
mones act indirectly through another 
endocrinologiec or physiologic mech- 
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anism in producing mental and emo- 
tional disturbances rather than direct- 
ly needs be considered. In both of 
the cases reported, treatment was pro- 
longed, providing sufficient time for 
the important effects of these steroids 
on thyroid or pituitary function or the 
output of other adrenal steroids. It 
may be that the basis for the psy- 
chotie reactions will be found in the 
disturbed balance of hormonal control 
mechanisms, rather than in any direct 
effect of cortisone or its analogues on 
central nervous system physiology. 

Possible physiologic relationships 
might well be elucidated by studying 
activity, learning ability, drive, and 
emotional reactivity of animals under 
treatment with these hormones. Under 
circumstances where variables can be 
controlled, insight into the mechanism 
of this reaction might be forthcoming. 
Similarly, serial study of patients 
under treatment with cortisone or 
ACTH, as is now underway in our 
laboratories, employing simultaneous 
psychiatric and psychometrie tech- 
niques, the electroencephalograph, and 
studies of blood chemistries, might re- 
veal important correlates if even a few 
patients can be studied as they de- 
velop mental disorders. In this way 
the disadvantages of retrospective 
reasoning, which is of course a prob- 
lem in consideration of these eases, 
might be partly eliminated. 


Unfortunately, the detailed study of 
the two eases reported here does not 
shed light on the fundamental re- 
lationship between steroid therapy and 
the development of psychoses. These 
eases do, however, emphasize the psy-_ 
chiatrie vulnerability of patients 
under steroid therapy and point out 
the existence of the hazard of mental 
disease even in the pediatric age 
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when long-term, intensive 


steroid therapy needs be employed. 


SUMMARY 


1. The pertinent literature dealing 


with mental reactions to steroid thera- 
py is reviewed. 


2, Two cases of adolescent girls de- 


veloping psychotie reactions while on 
ACTH and cortisone therapy are pre- 
sented, 


3. Possible dynamie faetors opera- 


tive in these patients are considered. 


4. Although study of these cases has 


shed no light on the basie mechanisms 
responsible for steroid psychoses, the 


vulnerability 


of children and ado- 


lescents to this complication of thera- 
py is emphasized. 
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Pediatric Profiles 


Tiisdall 


(1893-1949) 


FTER returning from World 

War I, Fred Tisdall joined the 
distinguished group of pediatrie in- 
vestigators at Johns Hopkins under 
Dr. Howland. During this very im- 
portant formative period in his life he 
not only made lasting contacts with 
these future “greats” but also laid the 
foundation for his clinical and_sei- 
entific contributions which were to 
follow. As soon as he returned to the 
Hospital for Sick Children, Toronto, 
it was apparent that his interest in 


investigation had not ceased, and al- 
though he carried on a private prac- 
tice he nevertheless was the stimulus 
for a research program which con- 
tinued throughout the rest of his life. 
Of his early studies, along with Ben- 
jamin Kramer, probably the best 
known are those dealing with tech- 
niques for the determination of eal- 
cium and magnesium. Later he became 
very interested in rickets and tetany, 
and a number of publications resulted. 
This led him into the field of deficiency 
diseases and his interest had no lim- 
its, embracing world nutrition prob- 
lems as well as nutrition in infancy 
and even the aging process. In his 
continual search for improvement in 
the nutrition of children, he con- 
ceived and devised a reinforced cereal 
product which became widely used 
throughout the Western hemisphere. 

Nutrition in pregnancy became one 
of his major interests and cooperative 
studies in this field attracted world- 
wide attention and resulted in consul- 
tation with the Ministry of Health of 
Great Britain with the introduction of 
special foods for the rations of preg- 
nant women in the British Isles. As 
a consultant to the Armed Forces in 
Canada and through association with 
advisory groups in the United States 
he was able to use his imagination and 
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brilliant organizing ability to study 
special problems of food and medical 
services in the Armed Forees. He 
finally concentrated his energies in the 
Royal Canadian Air Foree and was 
instrumental in carrying out a number 
of investigational surveys which served 
as a background for the development 
of food services with a very high 
standard. 

The need for supplementation of 
food rations for Canadian and other 
Allied prisoners of war in enemy 
camps was recognized and a careful 
analysis of these needs was worked 
out by Dr. Tisdall and his group, with 
the result that adequate food parcels 
were shipped through the Interna- 
tional Red Cross and no doubt were 
instrumental in maintaining the health 
and morale of Allied prisoners of war. 

The breadth of Fred Tisdall’s in- 
terest in health problems and his great 
enthusiasm combined with his adven- 
turous spirit is well illustrated by 
studies which he initiated in the fron- 
tier areas of Canada. His amazing or- 
ganizing ability was demonstrated in 
the planning and execution of the sur- 
veys which were earried out among the 
Indians in Northern Manitoba, in the 
James Bay area, as well as extensive 
surveys conducted in Newfoundland. 
This sphere of interest began before 
the Second World War and resulted 
from association with the Hudson Bay 
Company and the problems which it 
was facing with the health and nutri- 
tion of its personnel in the far north. 
Airplane trips were made by our 
group into the Aretie and on one 
of these trips Fred Tisdall was 
stranded in the Aretie after his plane 
was seriously damaged and sank while 
making a landing in an isolated gulf 
off the east coast of Hudson Bay. 


Trips in the middle of winter into re- 
mote areas of northern Manitoba were 
made in order to carry out detailed 
examinations and investigations of In- 
dians in these areas. As a result of 
these studies, the food supplies sent to 
the North were radically altered, medi- 
eal and first-aid supplies were pro- 
vided, and changes in the program for 
North American Indians were insti- 
tuted. In the James Bay region 
recommendations resulted in an im- 
proved medical and dental service, in 
better housing, sanitary practices, and 
general health conditions. Later, a 
recommended B.C.G. vaccination pro- 
gram for tuberculosis and dental ex- 
aminations and treatment have been 
provided for these Indians. Through 
education and the provision of locally 
grown foods, the nutrition of the pop- 
ulation was also improved. Methods 
of instruction in the preservation of 
seasonally available food by proper 
drying, smoking, and canning were ad- 
voeated. 

In Newfoundland a carefully 
planned and executed study and sur- 
vey of medical and nutritional condi- 
tions resulted in more than eight hun- 
dred people being examined in towns 
and outports of this country. Food 
deficiencies and nutritional diseases 
were discovered and preventive meas- 
ures were instituted. A resurvey at a 
later date indicated a significant im- 
provement in the general publie health 
as evidenced by a marked reduction in 
infant mortality rate, the death rate 
from tuberculosis, and the erude mor- 
tality rate. While it was recognized 
that many factors could have contrib- 
uted to these changes, the inereased 
emphasis on education and nutrition 
and the distribution of certain essen- 
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tial foods probably had a marked in- 
fluence. 

Fred Tisdall was a member of sev- 
eral distinguished societies and served 
on many advisory boards in the United 
States and Canada. He was fre- 
quently asked for advice by the Gov- 
ernment of Canada and by voluntary 
health associations. His scientifie pub- 
lieations number approximately one 
hundred fifty. 

The buoyant spirit and ability to 
smile under great difficulties and per- 
sonal setbacks were a constant source 
of inspiration to others. Often after 
particularly flattering introductions 
Fred Tisdall would recite the story of 
his return from a fishing trip in Al- 
gonquin Park on a mixed freight- 
passenger train which was carrying 
many distinguished citizens. After 
being asked by the stationmaster to at- 
tend a sick infant at the next stop in 
a wilderness area, it was natural that 
those on board should feel that it was 
particularly fortunate that a distin- 
guished pediatrician should be avail- 
able under such unusual cireum- 
stances. However, the discomfiture of 
Dr. Tisdall and some of his associates 
ean be imagined when they trouped off 
the train and were greeted by a rail- 
road foreman with the message that 
the mother had changed her mind and 
did not wish to see a specialist from 
the city but would prefer to wait for 
her general practitioner who would be 
coming on a handear from some thirty- 
five miles along the railroad. 

Following World War IT he devoted 
a great deal of his energies to the pro- 
vision of a new children’s hospital. 
As coordinator of planning for the 
combined professional staff of the hos- 
pital he did much to produce the com- 
plicated but successful plan for build- 
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ing. His personal enthusiasm and 
wide circle of business friends had 
much to do with the collection of sev- 
eral millions of dollars from the pub- 
lie, which far exceeded any previous 
campaign of its kind. 

It was a great shock to learn of his 
sudden death on the morning after the 
laying of the cornerstone of the new 
hospital for which he had devoted so 
much energy. His passing, while visit- 
ing his farm, which was his chief 
hobby, was keenly felt by a large see- 
tion of the community. The research 
laboratories of the new Hospital for 
Sick Children have been named the 
Fred Tisdall Laboratories in his mem- 
ory. 

Fred Tisdall displayed a great loy- 
alty to all of his friends and colleagues 
and had the great faculty of encour- 
aging younger men. His genius for 
organization and tremendous skill in 
arranging for even the minutest detail 
was appreciated by all who knew him. 
His inborn contagious enthusiasm and 
ability to inspire and teach, and finally 
his willingness to sublimate himself 
and his well-recognized ability under 
the star of others, without hint of per- 
sonal slight, were qualities which will 
long be remembered. These are the 
qualities of a great man who perhaps 
was born too soon, perhaps too late, in 
the chronology of the pediatrie world 
to have reached the pinnacle which one 
feels that he might have reached had 
he been spared. Suffice it to say that 
wherever you go in the pediatric world 
you will find many who regarded him 
as a beloved friend. There are count- 
less thousands living today in all parts 
of the world who owe much to Fred 
Tisdall. 

J. Harry Ebbs 


Comments on Current Literature 


ENTERIC 
MPORTANT advances in virus meth- 
ods, particularly the improved 


tissue culture techniques,’ have made 
it practicable to study stool specimens 
collected from large numbers of human 
subjects to determine the presence of 
virus. Reporting in the February 1, 
1956, Journal of Experimental Medi- 
cine,?> Edward I. Honig, Joseph L. 
Melnick, Peter Isaeson, Robert Parr, 
Ira L. Myers, and Mary Walton pre- 
sent an endemiological study of enteric 
virus infections carried out in Charles- 
ton, West Virginia. 

Two districts in Charleston were 
selected for these studies. District I, 
involving 1,143 persons in 239 house- 
holds, was an area where poor sanitary 
conditions were known to exist, and 
where the economic status of the in- 
volved families was generally low. 
District IV, consisting of 1,929 persons 
in 521 households, enjoyed a higher 
socioeconomic level and good standards 
of hygiene. 

Scheduled monthly visits for col- 
lection of fecal specimens were ar- 
ranged, and blood specimens for 
antibody study were collected on the 
subjects semiannually, in the spring 
and fall. Whenever possible, infor- 
mation coneerning the incidence of 
disease in the subjects and their 
families was recorded. In all, a total 
of 1,558 stool specimens was subjected 
to tissue eulture study; 592 from 
District I (low economic level), and 
966 from District IV (higher economic 
level). These stool specimens were 
obtained from 136 healthy children of 
preschool age, ranging from 2 weeks 
to 4 vears of age at the time when the 
initial feeal specimen had been ob- 
tained. The study extended from 
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June, 1951, to Oetober, 1953, a period 
of twenty-nine months. Fifty-one of 
these ch idren came from 39 house- 
holds in District I, and 8&5 children 
from 80 households in District IV. 
The monkey tissue culture method was 
employed throughout the survey. 

In all, seventy-seven virus isolations 
were obtained from the 1,558 stool 
specimens cultured. Of these seventy- 
seven viruses, fifteen were shown to be 
poliovirus: fourteen Type I, and one 
Type II. Twenty-nine strains of 
Coxsackie virus and _ thirty-three 
strains of Orphan viruses (enteric 
eytopathogenie human enterie or 
ECHO viruses) completed the total. 
Ninety-two per cent of the virus iso- 
lations were made in the warmer 
months of the year, from June to 
October, giving the virus isolations a 
strikingly seasonal pattern. Further 
analysis of the study revealed that ten 
strains of poliovirus were isolated 
from District I, the area with low 
socioeconomic standards; one in Feb- 
ruary, five in July, two in August, and 
two in September. Of the Coxsackie 
strains isolated in this district, twelve 
were isolated from June to September, 
and one in December. Twenty-three 
of the twenty-five strains of Orphan 
viruses were isolated from July to 
October, two during March and April. 
From District IV, the area’ with 
higher socioeconomic level, five strains 
of polio viruses were isolated in July, 
August, and October. The sixteen 
Coxsackie strains were isolated during 
the months of July to November, and 
the eight Orphan virus strains were 
recovered during the period from July 
to November. 
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It appeared of significance that 8 
per cent of the stools collected from 
children belonging to the group with 
low socioeconomic standards yielded 
virus, as compared with 3 per cent 
from children belonging to the group 
with higher socioeconomic standards. 
Although two different viruses were 
never isolated from the same _ stool 
specimen, a number of children yield- 
ed more than one virus from stools 
collected at different times during the 
study. Some children totalled as 
many as six strains. Two children 
yielded Type I poliovirus, and two 
other children yielded Orphan viruses 
from stool specimens collected in two 
consecutive months. One child was 
found to be shedding Type I polio- 
virus in July and again in September, 
and another child shed Coxsackie virus 
both in July and in August. In one 
instanee, three children in a single 
household were shedding Type I polio- 
virus at the same time. Of the 10 
children who were shown to be shed- 
ding poliovirus, 8 showed conversion 
from no detectable type-specific polio- 
myelitis antibody in an early speci- 
men, to a medium or high titer of 
antibody in a later blood specimen. 
The remaining two subjects were 
shown to have medium to high titer 
of type-specific poliovirus antibody in 
the initial blood specimen, and did not 
develop an increase in titer in later 
specimens. Of the 15 family contacts 
with the children who were shedding 
poliovirus, 6 developed specifie hu- 
moral antibodies to polio following the 
demonstration of virus in the stool of 
the index child. 

These endemiological studies indi- 
cate that even at a time when no overt 
clinical disease is recognized in a pop- 
ulation group, viral agents are present 
in the human intestinal tract. In this 
study, three kinds of virus were iso- 
lated—poliovirus, Coxsackie virus, and 
Orphan virus (ECHO). It was of 


interest that all three of these viruses 
were shown to have certain properties 
in common: similarity in particle size, 
resistance to ether, and seasonal inci- 
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dence during the summer months. 
The significantly higher incidence of 
virus isolation in District I was ex- 
plained in part by larger family size, 
greater crowding and generally poor 
personal hygiene in the presence of 
closer personal contact. The isolation 
of Coxsackie and Orphan _ viruses 
from the stools of the children studied 
could not be correlated with any inci- 
dence of clinical disease. On the other 
hand, in the ease of the 12 children 
who were shedding poliovirus, 7 gave 
a history of minor illnesses, such as 
colds, nasal congestion, fever, diar- 
rhea, vomiting, and headache. In ad- 
dition, ten of their family contacts 
had similar episodes of mild illness. 
The isolation of thirty-three strains 
of Orphan viruses (ECHO) from 25 
of the 136 normal children tested sug- 
gests that these viruses are common- 
ly present in the human intestinal 
tract. The findings of this study are 
in keeping with previous reports’ in 
which it has been shown that twenty- 
five of thirty-one cytopathogenic agents 
recovered by means of monkey tissue 
eulture from rectal swabs in 1,566 
healthy American children belonged to 
the general group of enteric viruses 
which are classified as the Orphan 
viruses (ECHO). In another report* 
the Orphan viruses were found in 
stool specimens collected from patients 
with signs and symptoms of aseptic 
meningitis. The etiological signifi- 
eance of this apparently common in- 
habitant of the intestinal tract of the 
human subject remains to be de- 
termined. It has been established that 
the Orphan viruses fall into four anti- 
genically distinct types, as determined 
by studies using immune monkey 
serum. The occurrence of family in- 
feetions with Orphan viruses is sup- 
ported by the observations that there 
may be an inereased antibody titer in 
family contacts following isolation of 
an Orphan virus from the stool of a 
sentinel child. Although the  asso- 
ciation of Orphan viruses with the 
clinical picture of aseptic meningitis 
has suggested an etiological relation- 
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ship, pathogenicity of the ECHO virus 
in the human subject has not yet been 
clearly established. 

These provocative studies suggest 
that viruses may commonly inhabit 
the intestinal tract of the human sub- 
ject, even in the absence of recogniz- 
able disease in the host, and that the 
shedding of these viruses may be an 
important factor in the natural 
history of virus infection. On the 
other hand, it appears that certain 
enterie viruses may have no greater 
etiological significance in the human 
subject than do the nonpathogenic 


baeteria of the so-called normal flora 
of the intestine. 
J. BLATTNER 
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Correspondence 


To the Editor: 

I read with great interest the Editorial 
in the March JOURNAL on the subject of 
school examinations. I have long thought 
that the prevailing system of medical inspee- 
tion current in most schools is a great waste 
of medical talent and medical time. 

It is wasteful for several reasons. Imag- 
ine, if you are able, how unproductive our 
examinations would be in our offices if the 
child were not accompanied by an adult who 
supplies the background of the child’s be- 
havior, material that cannot be observed by 
physical examination. 

Also, most school children are well or they 
would not be in school, and examining large 
numbers of them soon leads to ennui. If 
positive physical findings are noted in school, 
very often they were previously known or 
lead to upsetting the parents about such 
things as functional heart murmurs and the 
size of the tonsils. 


I could go on at great length on this 
matter but it seems to me that the obvious 
solution is to use several methods of screen- 
ing, then examine only those children that 
seem to need help, and do it with a parent 
present. One sereening system would be on 
the reference of the teacher who might notice 
that the child is adjusting poorly to school 
either socially or scholastically. Another 
screening method is by keeping the children’s 
record on a grid such as the Wetzel Grid. 
This will be reported by me in an article 
soon to appear in the J. A. M. A. 

Then the school health services could de- 
vote itself to inereased emphasis on good 
hearing and visual examinations. 

The whole system needs complete revision 
but it must be done with someone with bold 
imagination and a willingness to break with 
all past traditional methods. 

I. Friep, M.D. 


News and Notes 


The following were certified by the 
American Board of Pediatrics at the ex- 
amination at Atlanta, Ga., March 2, 3, and 
4, 1956. 

Dr. Marion Edward Alberts, 3009 Ingersoll 
Ave., Des Moines, Ia. 

Dr. Grady E. Black, 212 Masonic Bldg., 
Griffin, Ga. 

Dr. John Edward Buess, U.S. Army 14th 
Field Hospital, APO 252, New York, 

Dr. Mary Pucci Couchman, 210 No. Main 
St., Mt. Pleasant, Iowa. 

Dr. Robert LeVerne Cranny, Crippled Chil- 
dren’s Hospital, Oklahoma City, Okla. 

Dr. William J. DeMaria, Duke Hospital, 
Durham, N. C. 


Dr. Eugene Francis Diamond, 11418 §&%. 


Washtenaw Ave., Chicago, TIl. 
Dr. Richard L. Dreher, 425 W. Iron St., 
Salina, Kan. 


Dr. Noel Arlis Ellis, 1516 Greenwood, El 
Paso, Texas. 

Dr. Alton Norman Evans, 922 Sixth St., 
Alexandria, La. 

Dr. William Dunton Furst, 601 W. 4th St., 
Odessa, Texas. 

Dr. Harold Goodman, 3559 Montrose Ave., 
Chieago 18, Tl. 

Dr. Warren E. Greenwold, Carle Hospital 
Clinic, Urbana, Tl. 

Dr. Homer Harvey Hanson, 703 A South 
Oakland, Carbondale, II). 

Dr. Ruth Mareta Heyn, 3770 Plymouth Rd., 
Ann Arbor, Mich. 

Dr. Thomas Murray Holcomb, 3810th AF 
Hospital, Maxwell AFB, Montgomery, 
Ala. 

Dr. Doris Ahlee Howell, Duke University 
Hospital, Durham, N. C. 

Dr. Lee Jackson, 3703 Buechner Ave., Cleve- 
land 9, Ohio, 
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Dr. Warren R. Jacobson, Suite 14, 2232 N. 
7th St., Grand Junetion, Colo. 

Dr. Alfred Joseph, 115 8, E. Main St., Col- 
lege Park, Ga. 

Dr. Walter Clyde Kelly, 
Jacksonville, Fla. 

Dr. Joseph Harold Kushner, $5 Presidio Ter- 


1022 Park St., 


race, San Francisco, Calif. 

Dr, Raymond Abram LaRue, S26 Chatfield 
St., Lakeland, Fla. 

Dr. John H. Lewis, Jr., 8920 Quiney Ave., 
Cleveland 6, Ohio. 

Dr. Enrique L. Matta, Jr., 659 Union St., 
Miramar, San Juan, P. R. 

Dr. Edgar Eugene MeCanless, 4230th USAF 
Hospital, Barksdale AFB, La. 

Dr. Louis R. MeFarland, 1714 Central Ave., 
Hot Springs, Ark. 

Dr. Albert C. Merkin, 4107 No. Keystone, 
Chieago, Il. 

Dr. Robert Erle Merrill, 211 Coop Bldg., 
Tullahoma, Tenn. 

Dr. Richard Braun Miller, 4604 Quince Rd., 
Memphis, Tenn. 

Dr. Gerald 8S. Modjeska, 250 E. Superior St., 
Chieago, Tl. 

Dr. Joan Elizabeth Morgenthau, 1700 York 
Ave., New York, N. Y. 

Dr. Warren LeClair Niceum, 215 E. Van 
Buren St., Columbia City, Ind. 

Dr. Ruth Lynn Nicholson, University Medi- 
eal Center, Little Rock, Ark. 

Dr. Gimel Ortega, 1101 8. W. 20th Ave., 
Miami, Fla. 

Dr. Lester C. Paterson, 
Muskegon, Mich. 

Dr. Theodore Robert Pfundt, 800 N, E, 13th 
St., Oklahoma City, Okla. 

Dr. Haskell I. Rabinowitz, 817 Quince St., 
MeAllen, Texas. 

Dr. Charles William Reiquam, 1019 E. 19th 
Ave., Denver 18, Colo. 

Dr. Marie Britt Rhyne, Medical Arts Bldg.. 
Lumberton, 

Dr. Gretchen Herrmann 
12th St., Austin, Tex. 

Dr. Paul Mark Sarazen, Jr., 711 W. Graham 
St., Shelby, N. C. 

Dr. John B. Sarracino, 28th Station Hospi- 
tal, APO 19, New York, N. Y. 

Dr. Bina Elizabeth Sawyer, 235 E. 49th St., 
New York, N. Y. 

Dr. Donald G, Sehmidt, 2844 So. Colorado 
Blivd., Denver, Colo. 

Dr. Tillie 209-07 


3458 Seneca Dr., 


Runge, 2412 W. 


Schwartz, Hillside Ave., 


Hollis, N. Y. 
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Dr. Charles Floyd Seymour, 901 E. Broward 
Blvd., Fort Lauderdale, Fla. 

Dr. Robert John Sheridan, 416 Hickory St., 
Rocky Mount, N. C. 

Dr. William Benner Shope, 449 W. Newton 
Ave., Greensburg, Pa. 

Dr. George Wilkes Statham, 341 W. Pones 
de Leon, Decatur, Ga. 

Dr. C. Seott Stewart, 125 Ogden Lane, San 
Antonio, Tex. 

Dr. Margaret Patricia Sullivan, M. ID. 
Anderson Hospital, Houston, Tex. 

Dr. Ralph EF. Tiller, 1428 13th Ave., Colum- 
bus, Ga. 

Dr. Lucius Waites, Jr. 950 E. 59th St., 
Chicago, Il. 

Dr. Ruth Perkins Walter, 610 
Ave., Santa Monica, Calif. 

Dr. Arthur L. Warner, 1003 E. Halevon Rd., 
Tueson, Ariz. 

Dr. Charles Lloyd Warner, 420 Cherry St., 
Evansville, Ind. 

Dr. Thomas W. Watkins, U.S. Army Hospi- 
tal, Fort Hood, Texas. 

Dr. Robert S. Wieksman, U.S. 
pital, Chelsea, Mass. 

Dr. William Albert Wilkes, 1453 Harper St., 
Augusta, Ga. 

Dr. Helen Haury Woods, 2431 Morgan St., 
Corpus Christi, Tex. 


Kingman 


Naval Hos- 


Dr. William Bryan Yockey, Coronado Bldg., 
Pittsburgh, Pa. 

Dr. Maurice L. Zee, 4753 N. Broadway, Chi- 
eago, Tl. 

Dr. Frank Goddard Zuleger, 23 
Way, Glen Cove, N. Y. 


Special certificate—foreign: 


Dosoris 


Dr. Nai-Shum Choy, City Hospital, Scranton 
Rd., Cleveland, Ohio. 
Following is the schedule of oral exami- 
nations of the Board in 1956: 
Atlantie City, N. J., May 3, 4, 5, 1956. 
Cineinnati, Ohio, June 8, 9, 10, 1956. 
New York City, N. Y., Oct. 12, 13, 14, 
1956. 
San Francisco, Calif., Dee. 7, 8, 9, 1956. 


Dr. Alex J. Steigman, Chairman of the 


Department of Pediatries, University of 
Louisville, has been appointed Special Con- 
sultant to the Communicable Disease Center 
of the Publie Health Service, Department of 


Health, Edueation and Welfare. 


|__| 
{ 


BOOKS 


A fellowship in renal research will be 
available beginning July 1, 1956, in the De- 
partment of Pediatrics, Western Reserve 
University School of Medicine, Cleveland, 
Ohio. The candidate would be expected to 
spend approximately two-thirds of his time 
in laboratory research and one-third in elini- 
cal work with patients under investigation. 
Salary: $4,500 to $5,000. Applicants with 
minimum training of two years in pediatrics 
preferred. Direct correspondence to Walter 
Heymann, M.D., 2103 Adelbert Rd., Cleve- 
land 6, Ohio. 


The Cook County Graduate School of 
Medicine announces a two-week intensive 
eourse in neuromuscular diseases of children 
with special emphasis on cerebral palsy, to 
be given by Dr. Meyer A. Perlstein for the 
two-week period of June 18 to 29, 1956. 
Emphasis will be placed on the practical 
clinical aspects of treatment and rehabilita- 
tion procedures. The course will include 
several field trips to demonstration clinics, 
and treatment centers. For further infor- 
mation as to fees, ete., write to John W. 
Neal, Registrar, Cook County Graduate 
School of Medicine, 707 South Wood St., 
Chicago, Til. 
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The following short courses will be con- 
ducted at the Children’s Hospital of Phila- 
delphia in May and June, 1956. (1) Pedi- 
atric advances for pediatricians and general 
practitioners. May 28 through June 1, 1956. 
A refresher course conducted by the staff of 
the Children’s Hospital of Philadelphia, in 
collaboration with the Department of Pedi- 
atrics of the University of Pennsylvania and 
the Camden Municipal Hospital. (2) Practi- 
cal pediatric hematology. June 4, 5, and 6. 
Conducted by Dr. Irving J. Wolman and 
other members of the Hematology Department 
of the Children’s Hospital, under the auspices 
of the Graduate School of Medicine, Univer- 
sity of Pennsylvania. (3) Blood group in- 
compatibilities and erythroblastosis fetalis. 
June 7 and 8. Conducted by Dr. Thomas R. 
Boggs, Jr., of the Philadelphia Serum Ex- 
change of the Children’s Hospital of Phila- 
delphia, under the auspices of the Graduate 
School of Medicine, University of Pennsyl- 
vania. For information and fees write to 
Irving J. Wolman, M.D., Children’s Hospi- 
tal of Philadelphia, 1740 Bainbridge St., 
Philadelphia 46. 


Books 


Transactions of the XVéme Congrés des 
Pédiatries de Langue Francaise. Associa- 
tion Frangaise de Pediatrie, 897 pages. 


These transactions of the meeting of the 
French pediatric society held at Marseille in 
May, 1955, are far more interesting than the 
usual society transactions. There were three 
‘*Rapports’’ or symposia: I. Thalassemia; 
II, Treatment of Infantile Diabetes; IIT. 
The Use of ‘Neuroplégiques’ in pathologic 
conditions in children. Each is an interesting 
and exhaustive presentation of the subject, 
to which many scientists and pediatricians 
contributed. The result is three excellent dis- 
cussions which will be of value to those 
interested in one of the particular fields. 
The last of the three symposia is of particular 
interest. ‘‘Neuroplégique’’ is the term used 


to designate such drugs as chlorpromazine 
and other derivatives of phenothiazine such 


as promethazine, as well as the barbiturates. 
The report presents physiological studies of 
the action and discusses their clinical use in 
various surgical and medical conditions, and 
in anesthesiology. The clinical reports are 
well documented. There are unusually com- 
plete bibliographies. 


The Boke of Chyldren. Thomas Phaire 
(1510-1560). Reprinted from the 1553 
edition, Baltimore, 1955, Williams & Wil- 
kins Co., 76 pages. 

Pediatricians in general, as well as those 
interested in medical history, will enjoy 
this reprint of the first book on pediatrics 
written in the English language. It is an 
exact copy of a specimen of the 1553 edi- 
tion in the Medical Library of the Univer- 
sity of Bristol. Subsequent editions were 
published in 1560, 1567, 1570, and 1596. 
Prof. A. V. Neale of the Department of 


688 THE JOURNAL OF PEDIATRICS 


Child Health of the University of Bristol, 
and Dr. Hugh R. E. Wallie of Bath, have 
written an introduction and prepared a 
glossary of words in the text not now in 
common use. A copy of the first edition is 
in the Huntington Library at San Marino, 
California. The stated purpose of the text 
holds good for eurrent pediatrie texts four 
centuries later: “Here to doo them good 
that haue most nede, that is to saye chil- 
dren.” 


Growth at Adolescence. J. M. Tanner, M.D., 
Springfield, Tll., 1955, Charles C Thomas, 
212 pages. Price $6.50. 

This monograph by Prof. Tanner of Lon- 
don gathers together not only his own 
studies but those of many others on growth 
and development during adolescence into a 
single text. It is a diseussion of physical 
growth in contrast to the many texts which 
have been published concerning the psychol- 
ogy of adolescence. It contains excellent 
discussions of sex differences in physique, 
the factors affecting the time and character 
of the adolescent spurt, the physiological 
changes at adolescence, and the endoerinol- 
ogy of adolescence. It is filled with signif- 
icant data and will be an important book 
of reference for those interested in the 
problems of the adolescent period. 


Advances in Pediatrics, vol. VIII. Chicago, 
1956, Year Book Publishers, Ine., 273 
pages. Price $8.00. 

The current volume carries seven reviews: 
Etiology of Diarrhea, by H. L. Hodes; 
Isosexual Precocity, by S. Z. Levine and 
associates; Sarcoidosis in Childhood, by J. P. 
MeGovern and D. Merritt; Offspring of Dia- 
betic and Prediabetie Mothers, by H. C. 
Miller; Subdural Lesions in Childhood, With 
Special Reference to Infectious Processes, by 
Margaret H. D. Smith; Prevention of Acei- 
dents, hy G. M. Wheatley; and Mental 
Deficiency, by H. Yannet. 


Infant Nutrition. L. F. Meyer, M.D., and 
Erich Nassau, M.D., Springfield, Ill, 1955, 
Charles C Thomas, 553 pages. Price $8.00. 
A translation from the German by Kurt 

and Susanne Glaser of the second revised 
edition of the text on Infant Nutrition by 
two well-known German pediatricians now 
living in Israel. The text is clinical in nature 
and it is interesting to compare the diseus- 
sions with those in recent American texts. 


Nursing Care of the Newly Born Infant. 
W. 8S. Craig, M.D., M.R.C.P., Baltimore, 
1955, Williams & Wilkins Co., 472 pages. 
Price $7.00. 

A text on the nursing care of the new- 
born infant, by the professor of pediatrics 
and child health at the University of Leeds. 
It is intended primarily as a guide and 
reference book for midwives and the family 
doctor. It discusses healthy development 
and normal feeding, and then takes up elini- 
eal problems of the newborn infant, such 
as trauma, prematurity, and emergencies. 
The text is well illustrated and well written. 


Deshidratacion en el lactante. E. Jaso Rol- 
dan and E. de Yturriaga, Madrid, 1955, 
Credito Editorial Hernando, 270 pages. 
A text on dehydration in infants, its 

diagnosis and treatment. The diseussion 

brings together the work and clinical de- 
velopments that have taken place in many 
countries. The authors, for example, give 
full recognition to such American workers 
as Marriott, Gamble, and Darrow, It is 

excellently illustrated and should have a 

wide field of usefulness in Spanish-speaking 

countries. 


Christopher’s Textbook of Surgery, ed. 6. 
Edited by Loyal Davis, M.D., Philadel- 
phia, 1956, W. B. Saunders Co., 1484 
pages. Price $15.50. 

This well-known textbook of surgery now 
is edited by Dr. Davis, chairman of the de- 
partment of surgery at Northwestern. The 
various chapters and sections are written 
by well-known surgeons from a number of 
medical centers. 


Current Therapy 1956. Edited by Howard 
F. Conn, M.D., Philadelphia, 1956, W. B. 
Saunders Co., 632 pages. Price $11.00. 
The eighth year of Current Therapy fol- 

lows the same format as in previous years. 

A number of new authors have been in- 

cluded, presenting their methods of treat- 

ment for specific conditions. 


The Interpretation of the Unipolar Electro- 
cardiogram. Gordon B. Myers, M.D., St. 
Louis, 1956, The C. V. Mosby Co., 164 
pages. Price $4.75. 

A text by the professor of medicine at 
Wayne University from material prepared for 
the Graduate Course in Electrocardiography 
at the medical school. 


Editor’s Column 


DIPHTHERIA 


[Editor’s Note: News reports of sev- 
eral epidemics of diphtheria this past 
year aroused our interest, as it raises 
the point that perhaps the marked 
reduction of the incidence of the dis- 
ease in the past thirty years has led 
to a letup in diphtheria immunization. 
We are indebted to Dr. C. C. Dauer, 
Medical Adviser to the National Office 
of Vital Statisties, U. S. Publie Health 
Service, for the following discussion. | 


HE reduction in diphtheria inei- 

dence and mortality in the United 
States during the past three decades 
has been remarkable, about 97 per cent. 
However, the disease continues to show 
dangerous potentialities and a slower 
rate of decline in some areas than in 
others. The downward trend has been 
less pronounced in the South than in 
other parts of the country. At the 
present time about 70 per cent of the 
eases and 85 per cent of deaths are 
being reported in this section which in- 
cludes the South Atlantic, East South 
Central, and West South Central 
States. The increasingly less favorable 
position of this region as compared 
with the remainder of the country is 
shown in the accompanying table, 
where case and death rates per 100,000 
population are shown for certain years 
beginning with 1925. 


REMAINDER OF 
SOUTH THE U. 8S. 

CASE | DEATH CASE DEATH 

YEAR RATE | RATE RATE RATE 
1925 72 7.4 89 6.6 
1930 54 6.8 47 4.1 
1935 45 5.8 24 1. 
1940 19 2.2 8.2 0.6 
1945 24 2.1 8.1 0.6 
1950 8.3 0.6 1.8 0.1 
1954 3.0 0.3 0.5 <0.1 


One of the characteristics of diph- 
theria in recent years has been the 
occurrence of numerous localized out- 
breaks, most of which have been re- 
ported in the Southern States. 

In the early part of 1955 one such 
outbreak oceurred in a county in Ken- 
tucky which appeared to be an exten- 
sion of high incidence experienced 
during the preceding fall. The thirty- 
nine cases with eight deaths showed a 
clinieal spectrum ranging from mild 
symptoms in immunized persons to a 
fulminating fatal form in nonimmu- 
nized preschool children. One adult in 
whom the disease was unrecognized in 
the early part of her illness developed 
postdiphtheritie paralysis and myoear- 
ditis with complete heart block. All 
organisms recovered in this epidemic 
were typed as gravis strains. 

A milder type of outbreak caused by 
a mitis strain occurred in Alabama 
during the months of July and August, 
1955. The cases were concentrated 
among children living in one area of 
a county. In this same state in 1952 
there was an outbreak of twenty-eight 
cases with two deaths in children living 
in a mining camp where medical care 
rather than preventive services had 
been emphasized. Sixty-four cases 
with three deaths were reported in one 
section of a city in this staté in the 
same year. The first case was in an 
unimmunized child who died shortly 
after being hospitalized. 

In the summer of 1955, there were 
forty-seven eases of diphtheria among 
inhabitants of an island off the shore 
of South Carolina. There were two 
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deaths. About the same time there 
were seven cases; six of the patients 
attended a consolidated school in Geor- 
gia. There were no deaths, but one 
child developed myocarditis. 

Further evidence of the extent of 
the current diphtheria problem in the 
South has been the widespread oceur- 
rence of cases in certain states. In 
the last six months of 1955 one or more 
cases of the disease were reported in 
67 per cent of the counties in Alabama, 
50 per cent in South Carolina, and 38 
per cent in Georgia. In others, in- 
eluding Florida, North Carolina, Mis- 
sissippi, and Texas, during the same 
period, there were localized areas of 
high ineidenee, i.e., fifty or more cases 
per 100,000 population, which was far 
above the national average. However, 
the proportion of counties reporting 
one or more cases was relatively small 
in these states as compared with the 
former group. 

The epidemic potentialities of diph- 
theria are not confined to the South. 
For instance, an institutional outbreak 
of twenty-three cases occurred recently 
in a large city of Ohio. There were six 
‘*elassical eases’’; four of the patients 
died, one with diphtheritie myocarditis. 
None of the fatal cases had been im- 
munized. An extremely virulent 
gravis strain of organism was isolated 
from cases in the outbreak. In a labor 
camp located in California there were 
fourteen eases with one death late in 
1955. Six of the fourteen had never 
been immunized. A fairly explosive 
outbreak of twenty cases oceurred in 
February, 1956, in Northern Indiana. 
Some of the cases followed contact of 
family members at a funeral of a child 
who had died of ‘‘pneumonia and 
laryngospasm.’’ Others appeared to 
have followed the use of raw milk from 


a farm on which two diphtheria ear- 
riers were subsequently found. Only 
one of the twenty patients had a his- 
tory of diphtheria immunization. 
Bacteriologic confirmation of all cases 
in this outbreak was obtained, and the 
organism was reported as highly viru- 
lent. Other outbreaks have been re- 
ported from various sections of the 
country in recent years which also il- 
lustrate the capability of the disease to 
occur in epidemic form. 


Diphtheria in the South has always 
been characterized by a higher propor- 
tion of cases and deaths in the young 
age groups than is usually observed 
even in densely populated cities of the 
North. A similar type of distribution 
has also been found for certain other 
diseases including poliomyelitis. In 
Northern States the difference in dis- 
tribution by age in urban and rural 
populations has been marked, i.e., the 
proportion of cases in younger ages has 
been significantly greater in urban 
areas. In the South no such urban- 
rural differential has been observed 
for diphtheria or other infectious dis- 
eases. Epidemiologic and _ serologic 
studies have suggested that the pre- 
ponderence of cases in young children 
is probably due to exposure to infee- 
tion earlier in life in the South than in 
the North. Some authorities have sug- 
gested that lower sanitary standards 
of living have been the principal con- 
tributing factor, but climate, nutrition, 
and possibly others should also be con- 


sidered. 


Another characteristic of the disease 
in the South has been its seasonal dis- 
tribution. A low ebb in incidence is 
reached in the early summer but it 
begins to rise in July and August or 
several months in advance of that usu- 
ally seen in Northern States. This 
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summer occurrence is very evident in 
the epidemics reported in the earlier 
part of this report. 

The less rapid decline of diphtheria 
incidence in the South may be the 
product of several factors, including 
earlier exposure to infection; a higher 
carrier rate of virulent organisms; and 
an inadequate level of immunity. The 
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relative importance of these or other 
factors cannot be determined on the 
basis of available information. How- 
ever, reports of outbreaks in recent 
years suggest that the immunity status 
of the populations involved has not 
been raised to or maintained at ade- 
quate levels in many of the epidemic 
areas. 


MEDICAL 


HILE it is axiomatic that medi- 

eal progress is dependent on 
medical research, and everyone is cog- 
nizant of the tremendous advances in 
recent vears, few, we believe, are aware 
of the extent of medical research in 
the United States or the complicated 
pattern of its development and 
present-day structure. In this respect, 
the story, as told in the recent two- 
volume report of the survey recently 
published by the American Foun- 
dation,* seems almost fantastic, al- 
though there is nothing of fantasy 
included. In its breadth of viewpoint, 
and the objectivity and clarity with 
which the myriads of technical and 
financial details involved are pre- 
sented, it is an outstanding contri- 
bution to medicine. Some of our read- 
ers will reeall the study, American 
Medicine; Expert Testimony Out of 
Court, which the Foundation pub- 
lished in 1937, and the many reper- 
cussions and developments which fol- 
lowed in the field of medical eco- 
nomics. Beyond question the present 
report will have a decided influence 
on medical research in the immediate 
years to come. The theme that runs 


*Medical Research, A Midcentenary Survey, 
Boston, Co. 


Little, Brown & 


RESEARCH 


throughout the report is the signifi- 
cance and necessity of basic research 
for unraveling the clinical problems 
of medicine, and, further, that the 
solution of the problems is dependent 
upon basie research in many fields. 
The report points out that important 
contributions are being made by 
botanists, zoologists, chemists, and 
physicists, as well as the scientists in 
the more strictly medical disciplines 
of anatomy, physiology, biochemistry, 
pathology, and pharmacology. In fact, 
for many problems the solution de- 
pends on the interrelationship of the 
work being carried on in a number of 
fields. This shortage of trained men 
in these fields capable of undertaking 
hasie research is stressed. 

The first volume of the Report (765 
pages) presents the principles and 
practices of medical research. Inter- 
esting chapters are given to the vari- 
ous sources of financial support, such 
as the contributions from the various 
foundations with their changing phi- 
losophies, the effect of the ‘*fund-for- 
a-disease’’ organizations, industrial 
support, and the tremendous and in- 
creasing part played by the Federal 
agencies. On March 2 it was reported 
in the newspapers that the House Ap- 
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propriations Committee has recom- 
mended an appropriation for the 1956- 
1957 Federal year of $15,525,000 for 
the national health institutes which 
conduct medical research. This is 
$9,000,000 more than requested by the 
executive branch of the Government, 
and $37,000,000 more than the insti- 
tutes received this past year. Much of 
this filters down to the medical schools 
in the form of special grants for 
specifie studies. The part played in 
research by the medical institutes, 
such as the Rockefeller, is fully 
covered, as well as the work of the 
medical and nonmedical departments 
of the universities by presenting the 
details of a selected representative 
group. The accepted view of medical 
educators that medical education and 
medical research are inseparable is 
stressed. 

The second volume (725 pages) is 
perhaps of more general interest to 
physicians in practice. The theme is 
“Unsolved Clinical Problems.” Nine 
of these have been selected for de- 
tailed discussion: Cancer; Infertility ; 
Arterioselerosis; Hypertension; The 
Rheumatie Syndromes; Tuberculosis; 


The Nature of Viruses and of Virus 
Diseases; Alcoholism; and The Biology 
of Schizophrenia. No better summaries 
of what we know as the result of re- 
search and what we still have to learn 
have been written. Pediatricians will 
find the discussions of the rheumatic 
syndromes and of the virus diseases of 
particular interest. 

The Report is an_ outstanding 
achievement and reflects the years of 
work that were required in its prep- 
aration. Its interest is not limited 
to the research scientist or the uni- 
versity administrator. In that it 
points out the method of attack and 
the present status of medical research 
in the conquest of the many problems 
which the physician in practice faces 
daily, it holds a special interest for 
the practitioner. His activities and 
work in the years to come will be 
based on the research of today and the 
future, in the same way that his work 
today is built on the research of the 
past. It is not a report that ean be 
hastily skimmed through in a_ few 
hours of reading, but the time re- 
quired for a careful reading will be 
amply rewarded. 


IYALINE MEMBRANE DISEASE 


HE three articles on hyaline mem- 

brane disease by Lynch which have 
appeared in the JourRNAL this past 
year represent a tremendous amount 
of work which forms the basis of an 
ingenious interpretation of the con- 
dition. Whether or not these in whole 


or in part will be confirmed by other 
workers (and the author most desires 
a repetition of the work by others), 
they bring a new approach to a 
They were read in 


baffling problem. 


manuscript by several pathologists 
who were unanimous in their opinion 
that Lynech’s work should be pub- 
lished. Even if the work is not en- 
tirely confirmed by others, or the in- 
terpretation accepted, it will, we feel, 
stimulate studies which will lead to 
an aeceptable explanation of the con- 
dition. This the Editorial Board feels 
is one of the functions of a medical 
journal. 


| 
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